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Only their Performance reveals Voi-Shan Quality 


Voi-Shan’s acknowledged leadership in the sophisticated aerospace fastening field is maintained by the very 
high performance "built-in" to every quality product. From the procurement of raw material thru actual appli- 
cation of the product, every phase receives constant attention and control. To supply the widest range of 
proprietary fastening concepts, demands an unequalled metallurgical capability and a superior customer 
engineering service to fully complement the products: 


HI-TORQUE* 

TORQ-SET* 

LONG-LOK® 

BOLT-O-SEAL® 


SCOTT CONNECTOR SYSTEM* 
MILSON* STRUCTURAL PANEL FASTENER* 
WEIGHT/ MASTER LOCKNUTS 
V-BOLT" BLIND FASTENER 


HI-LOK® 

HISHEAR" RIVETS 
TAPER-LOK" 
CONICAL SEALS* 


The Voi-Shan measure of "hidden" performance is also found in a wide range of Special fasteners, as well as, 
he* head, internal and external wrenching bolts and fasteners in Titanium, Refractory and Super alloy mate- 
rials. Send on your letterhead for fully descriptive literature to: 

VOI-SHAN MANUFACTURING COMPANY 

8463 HIGUERA STREET, CULVER CITY, CALIFORNIA 

A DIVISION OF VOI-SHAN INDUSTRIES. INC. 




IDEA: Create a 28 sq. ft. solar cell panel that weighs only 15 lbs. 


It will collect enough solar energy to produce 350 watts 
of electrical power . . . measures approximately 8' x 3'. . . 
is made of an aluminum honeycomb core . . . covered with 
sheet aluminum . . . coated with 5,740 solar cells. 

Yet this panel fabricated by GAC - Goodyear Aircraft 
Corporation— weighs only 15 pounds. 

A pair of them will power Nimbus . . . NASA’s Goddard 
Space Flight Center weather satellite which will orbit 
600 miles above the earth. They were fabrica ted b y GAC 
LAUD. SEA, AIR OR | SPACE | . . . TALENT 


for RCA’s Astro-Electronics Division, developer of the 
Nimbus power system. 

And solar panels are just one of GAC’s many capabilities. 
(We produce precision solar concentrators too.) And we 
can also help you with advanced systems and technology 
—aerospace support equipment— electronic subsystems— 
lightweight structures-or missile requirements. Write 
Goodyear Aircraft Corporation. Dept. 914AT, Akron 15, 
Ohio, or Litchfield Park, Arizona. 

J BUILDS BETTER DEFENSE SYSTEMS 
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BOOSTER HEAD 
CAPABILITIES 
TO 120 INCHES IN 
ONE PIECE 
For mllinilllH-lb.'tliniil Wjaiii- 


TITANIUM AND 
MAR-AGING STEELS 
MISSILE MOTOR 
COMPONENTS 
B| piOBieraj compltte stage 
components of these mattmls 
WrminCordon lias sohstanlially 
advanced sttength-to-weight ratios 
ol motor con design. 


Whatever the vehicle — tactical weapon, 
ICBM or circumlunar launcher — Wyraan- 
Gordon offers unduplicated experience and 
I facilities for serving your complete require- 
ments in motor-case forgings. Domes, clo- 
sures, nozzles, injector plates and pressure- 
bottle hemispheres are regularly produced 
here from an unrestricted range of conven- 
tional and advanced-concept materials for 
all propulsion systems. Wyman-Gordon re- 
search continues to lead with such vital forg- 
ing developments as complete-stage motor 
case components of Titanium and thrust- 
cone inserts of Tungsten. An experienced 
team of engineers and metallurgists stands 
ready to consult on your forging design and 
materials application problems — contact 
Product Manager — Missile and Airframe 


WORCESTER, MASSACHUSETTS 


HARVEY, ILLINOIS 


GRAFTON. MASSACHUSETTS 


DETROIT. MICHIGAN 


; ANGELES. CALIFORNIA 


>, CALIFORNIA 



AEROSPACE CALENDAR 


Biltmore Hotel. Dayton. Ohio. Sponsors: 
Aeronautical Systems Division. USAF; 
National Bureau of Standards; NASA. 

Sept. 5-7— Seminar on Automatic Checkout 
Techniques, Battellc Memorial Institute. 
Columbus. Ohio. Co-sponsors; Aeronau- 
tical Systems Division. USAF; Columbus. 
Ohio. Research Center. 

Sept. 6-8— Second Annual Convention. Ca- 
nadian Business Aircraft Assn.. Queen 
Elizabeth Hotel, Montreal, Canada. 

Sept. 10-14— Fourth National Conference on 
Applied Meteorology. American Meteoro- 
logical Society. Hampton. Va, 

Sept. 10-14— Annual General Meeting, In- 
ternational Air Transport Assn., Dublin. 

Sept. 13-14-1 Oth Annual Engineering Man- 
agement Conference. IRE. Hotel Roose- 
velt, New Orleans, La. 

(Continued on page 1) 
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New AGASTAT solid state time/delay/relays offer you greater reliability, 
wider timing ranges, and more design flexibility than has ever been avail- 
able before in solid stale relays. The unique "modular sandwich” construc- 
tion simplifies production, speeds delivery of custom-made units. 

Modular design makes possible the dependability of standardized circuit 
elements. Highest grade matched semiconductor components form the 
basis for reliability in these pre-assembled, pre-tested modules. 

Choose from six basic circuit options for the range and operating type 
you need . . . delays from milliseconds to hours, on pull-in or drop-out. All 
units are only Ift s in. sq. at base, weigh 3 to 5 oz., operate from 18 to 32 vdc, 
and handle loads up to 5 amperes. They are unaffected by polarity reversals, 
immune to voltage variations and transient spikes. Available with plug-in 
or solder lug terminals. 

The solid state AGASTAT relay is a product of over 30 years' time delay 
relay experience, your assurance of performance to match the promise. For 
full technical information or applications assistance write Dept. S5-18. 

TIMING INSTRUMENTS 

Qt ELASTIC STOP NUT CORPORATION OF AMERICA 
NtaSr ELIZABETH DIVISION ■ ELIZABETH, NEW JERSEY 


AGASTAT 


NOW- 


solid state “custom” specs 

with standard circuitry 


AGASTAT® 
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Positive control of hot gas flow . . . 

essential element in dependable cartridge starting 


The Sundstrand Cartridge-Pneumatic Starter now 
being delivered to bases throughout the free 
world has been designed to provide complete 
operating safety consistent with the highest de- 
gree of reliability. The advanced design of these 
starters is a direct outgrowth of Sundstrand's 
research and development experience in hot gas 
technology related to various APU systems for 
missile and spacecraft. 

The key to the successful development of this 
new concept has been the adoption of a modular 
design that incorporates positive control of hot 
gas flow. Since the ammonium nitrate cartridge 
propellant burn time varies with temperature arid 
pressure, each of these variables must be closely 
controlled for efficient, reliable starting. 

The hot gas circuit of the Sundstrand Starter 
incorporates a pressure limiting valve in parallel 
with a fixed area turbine nozzle. The resultant 
effect is a variable area nozzle to the gas stream 
which controls the cartridge pressure to a con- 
stant value and minimizes the change in turbine 
pressure and burn time. 

The latest design advancement accomplishes 
positive control of hot gas in two separate succes- 


sive stages. The first stage establishes and con- 
trols the burn rate of the cartridge, and delivers 
optimum mass flow of gases to the second stage 
for performance requirement. Through the use of 
correctly sized and shaped nozzles, the second 
stage pre-expands the flow delivered and estab- 
lishes the optimum pressure ratio. 

These advantages of hot gas control are realized 
. . , mass flow and burn time can be established 
independent of nozzle sizing , . ■ nozzle pressure 
can be varied from 1:1 to 41:1 without affecting 
burn time of cartridge ... all cartridge gases are 
used to drive the turbine . . . variation in tempera- 
ture from -65° to 160°F will cause only slight 
variation in nozzle pressure ratio. 

This advancement in hot gas technology plus in- 
herent turbine overspeed control and overpressure 
protection makes the use of the . Sundstrand 
Cartridge-Pneumatic Starter tjw reliable and safe 
method to start aircraft engines. The modular 
design provides the configuration flexibility to 
adapt the basic starter to your aircraft installation 
requirements through minor alterations to the 
static elements. More detailed information is 
available at your nearest Sundstrand office. 


SUNDSTRAND AVIATION 
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DIVISION OF SUNDSTRAND CORPORATION, ROCKFORD, ILL. 


. . . leader In secondary power systems 


1 Offices In: Arllnoton, Texas; 


AEROSPACE CALENDAR 

(Continued from page 5) 

Sept. 17-18-Hydrofoil Sr Air Cushion Ve- 
hicles Meeting, Institute of the Aerospace 


mental Research Office of the Office of 
the Chief of Ordnance. Arranged by 
Southwest Research Institute. 

Sept. 18-23-1 6th National Convention & 
Aerospace Panorama, Air Force Assn., Las 
Vegas, Nev. 

Sept. 19-20— Technical Manpower Utiliza- 
tion Meeting, Institute of the Aerospace 
Sciences, Hotel Commodore, New York. 

Sept. 19-20— Operations & Maintenance 
- • • ork Corp., Millville, 


J. J- 


raton Hob 


trial Elec- 


Scpt. 19-20-1 1th 
cago, III. Sponsor: 

Society of America. 

Sept. 19-21-Sixth National Conference on 
Tube Techniques. Western Union Audi- 
torium, New York, N. Y. Sponsor: Advis- 
ory Croup on Electron Devices. 

Sept. 19-22— Second International Agricul- 
tural Aviation Congress, National Supe- 
rior Agronomy School. Grignon. France. 

Sept. 24-28—1 3th International Astronauti- 
cal Congress, American Rocket Society, 
Sofia, Bulgaria. 

Sept. 24-Oct. 12— International Air Trans- 
port Assn, Traffic Conferences, San Mar- 
cos Hotel, Chandler, Ariz. 

Sept. 25-26— Conference: Navy Microelec- 
tronics Research & Development, Depart- 
ment of Interior Auditorium, Washing- 
ton, D, C. Sponsor: Office of Naval 
Research. 

Sept. 25-27— Third Annual Symposium on 
Helicopter Open Sea Rescue. Kaman Air- 
craft Corp., Bloomfield. Conn. Sponsor: 
Naval Air Material Center. Air Crew 
Equipment Laboratory. 

Sept. 25-28— Space Power Systems Confcr- 
‘ " ' :t Society, Miramar 


Hotel. 


a. Calif. 


Sept. 26-27— Symposium on the Physics of 

Technology, Chicago, III. Co-sponsors: 
Rome Air Development Center, USAF 
Svstems Command; Armour Research 
Foundation. 

Sept. 26-Oct. 2-1962 General Conference. 
Athens. Greece. 

Sept. 27-28— Symposium on Dynamic Be- 
havior of Materials, University of New 
Mexico. Albuquerque. N. M. Sponsors: 
University of New Mexico; American 
Society for Testing and Materials. 

Sept. 27-28-Symposium on the Dynamic 
Behavior of Materials. American Society 
for Testing and Materials. University of 
New Mexico, Albuquerque, N. M. 

Sept. 28-29— Society of Experimental Test 
Pilots' Sixth Annual Awards Banquet & 
Svmposium, Bcvcrly-llilton Hotel, Bev- 
erly Hills, Calif. 

Sept. 30 — ’ Third Annual Aerospace Fair. 
Vandcnhcrg AFB, Calif. Open to the 
public 10:00 a.in,4:00 p.m. 

(Continued on page 9) 
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NORTHROP BUILDS IT. 


On a radar screen, this RP-76 target missile can look as 
big as the largest enemy bomber. Rocket powered, it flies 
faster than sound, operates above 70,000 feet. Yet this 
little giant is less than ten feet long, weighs just over 300 
pounds, and parachutes down for re-use after completing 


its run. It is the heart of the Army’s program for training 
the ground-to-air missile crews who guard our cities. The 
complete target and tracking system is made, managed 
and serviced for the Army B| a pvij n m q 
by the Ventura Division of WUfll VI rfUr 


AEROSPACE CALENDAR 

(Continued from page 7) 

Oct. 1-3— Seventh Annual Exposition &• 
Symposium, Air Traffic Control Assn., 
Flamingo Hotel, Las Vegas. Ncv. 

Oct. 1-3— National Communications Sympo- 
sium, Institute of Radio Engineers. Hotel 
Utica. Utica, N.Y. 

Oct. 2-4— Symposium on Physics and Non- 
destructive Testing, Granada Hotel. San 
Antonio. Tex. Arranged by Southwest 

Oct. 2-4 — Tliird Symposium on Advanced 
Propulsion Concepts. Cincinnati. Ohio. 
Co sponsors: AFOSR, General Electric. 

Oct. 2-4— National Symposium on Space 
Electronics and Tclemctrv. IRE. Fon- 
tainebleau Hotel, Miami Beach. Fla. 

Oct. 2-4-1 3th Annual Meeting and Con- 
vention, National Business Aircraft Assn., 
Pcnn-Sheraton Hotel. Pittsburgh. Pa. 

Oct. 8-10-1 8th Annual National Electronics 
Conference & Exhibition. McCormick 
Place, Chicago, 111. 

Oct. 8-12— National Aeronautic &■ Space 
Engineering & Manufacturing Meeting Sr 
Display, Society of Automotive Engineers. 
The Ambassador. Los Angeles. Calif. 

Oct. 9-11— National Airports Conference. 
American Assn, of Airport Executives, 
University of Oklahoma. Nonnan. Okla. 

Oct. 10-12— Ions in Flames & Rocket Ex- 
hausts Conference, American Rocket So- 


Exposition/Report. Aerospace 
Electrical Society, Pan Pacific Audito- 
rium. Los Angeles, Calif. 

Oct. 15-17-Fall Meeting. International Sci- 
entific Radio Union &• Institute of Radio 
Engineers, Ottawa, Canada. 

Oct. 15-17— ASW Meeting. Somerset Hotel. 
Boston, Mass, Sponsors: Institute of the 
Aerospace Sciences; U. S. Navy. 

Oct. 15-18— Inter: it onil S | on 

Space Phenomena and Measurement, 
Statler-Hilton, Detroit, Mich. Ninth An- 
nual Meeting: Institute of Radio Engi- 
neers. co-sp ' ' ‘ 1 ,r ' / ' 

Oct. 26-27-1 


d AEC. 

Control 
tv for Quality 


Control. Denver Hilton Hotel. Denvei 
Oct. 29-30— Meeting on Large Rockets. In- 
stitute of the Aerospace Sciences. El 
Dorado Inn, Sacramento, Calif, 

Oct. 29-31— Symposium on Dynamics of 
Manned Lifting Planetary Entry. Phila- 
delphia, Pa. Attendance limited: for in- 
formation: Sinclaire M. Scala. General 
Chairman. Room M7023A, General Elec- 
tric Co,. MSVD, Valley Forge Space 
Technology Center, Box S553. Philadel- 
phia 1, Pa. Co-sponsor: AFOSR. 

Oct. 29-Nov. 2— International Symposium. 
“Basic Environmental Problems of Man 
in Space.” UNESCO House. Paris. 
France. Sponsors: International Astro- 
nautical Federation; International Aca- 
demy of Astronautics. 

Oct. 3b-31— National Conference on Space- 


Anahcim, Calif. 

Nov. 13-18— 17th Annual Meeting and 
Space Flight Exposition, American Rocket 
Society, Pan Pacific Auditorium. Los 
Angeles, Calif. 



reliable heat exchangers 

Check with Janitrol the next time you want an oil cooler or heat 
exchanger. The biggest reason is reliability. The ability to produce 
production units with the same high quality of the prototype begins 
with our ability to form foil-thin sheets of stainless steel, titanium and 
aluminum. We use new techniques for creating optimum heat transfer 
surface and structural strength in a wide variety of ways. We make heat 
exchangers and heat transfer systems for liquid/liquid, liquid/air, and 
air/air for both high temperature and cryogenic applications. 

Ask Janitrol for a proposal when you need heat exchanger reli- 
ability on your aircraft, missile, ground support, or electronics cooling 
project. Request Bulletin JA-141 from Janitrol Aero Division, 
Midland-Ross Corporation, 4200 Surface Road, Columbus 4, Ohio. 


WAXMTnOL AXE FiO 


A division of Midland-Ross Corporation 
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EXPERIENCE IS WHAT COUNTS 
IN SPACE SIMULATION 


While space simulation is a new and rapidly chang- 
ing art, experience in designing and building equip- 
ment for its full-scale accomplishment is of the 
utmost importance. That is because no inaccuracies, 
no approximations are possible; reliability proving 
depends on ascertaining absolute values. 

F. J. Stokes offers an impressive backlog of experi- 
ence in supplying major space test facilities. The 
installation described above and others for General 
Electric, the vacuum and cryogenic systems for 
facilities at NASA’s Goddard Space Flight Center, 
the test chamber for Bell Telephone Labora- 
tories’ Telstar project, reliability testing facilities 
for space-borne electronic components, and pump- 
ing systems for various aeronautical research 
centers stand as benchmarks in Stokes' progress 
in this specialized area. 


Behind this specific activity stands half a century’s 
experience as one of the world’s leading manufac- 
turers of high- vacuum industrial systems. Since 
vacuum is the common denominator of all space 
test equipment, it follows that Stokes’ high-vacuum 
experience, unique engineering capabilities in this 
field, and extensive, heavy-duty fabrication facili- 
ties can be successfully applied to problems of 
space simulation. 

If you are engaged in any phase of space test work, 
we will gladly explore the possibilities of putting 
Stokes space simulation and high-vacuum experi- 
ence to work for you, on a project management, 
single-source, turnkey, or any other basis. Space 
Systems Department, F. J. Stokes Corporation, Phila- 
delphia 20, Pa. 


STOKES INTERNATIONAL: PHILADELPHIA • TORONTO • LONDON 
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Lockheed becomes a prime source for memory 
devices— from tiny ferrite cores to entire 
memory systems 

When you think of Lockheed, major aerospace achieve- 
ments usually come to mind. But within the giant 
Lockheed Corporation is a complete unit whose success 
was attained by the company’s ability, also, to think 
small. The result: in record time the Lockheed Elec- 
tronics Company has become a prime source of tiny 
computer and data processing components for industry 
and defense. 

In an exceptional example of vertical integration, 
Lockheed Electronics is now producing a broad line of 
memory devices including single and multi-aperture 
cores; memory planes, stacks, and systems; printed 
circuitry; welded circuitry and computer modules. This 
under-one-roof operation has earned for Lockheed a 
reputation for quality, on-time delivery and versatility. 


Lockheed’s inventive designers, among other accom- 
plishments, have achieved outstanding results in the 
development and manufacture of multi-aperture cores 
which permit high-speed, non-destruct memory readout. 
Lockheed's practical packagers have produced advanced, 
ruggedized memory devices in dozens of customized 
configurations. 

Lockheed’s engineering follow-through teams work 
carefully with the nation’s data processing equipment 
manufacturers to assure perfect integration into fin- 
ished computer circuits. 

The Avionics and Industrial Products group of Lockheed 
Electronics, 6201 E. Randolph St., Los Angeles 22, in- 
vites you to investigate the company's vertically inte- 
grated facilities as a ‘‘single source” of finest quality, 
mass-produced components and sub-systems. Lockheed 
Electronics is the gateway to several thousand scientists, 
engineers and technologists who work for Lockheed. 


LOCKHEED ELECTRONICS COMPANY 

plainfield, new jersey A Division of Lockheed Aircraft Corporation 





NEW SUBMINIATURE 
"600” SERIES 
Added to MICRO SWITCH 
Environment-Proof "EN” Line 


Saves weight, saves space— this small, rugged switch mounts in a 
15/32 in. diameter hole. It provides DPDT circuitry and reliable, 
precision switching at -65° to +250° F. 

All switches in the extensive MICRO SWITCH “EN” series are 
sealed against trouble— built for dependable performance regardless 
of the most severe environmental conditions, vibration or shock. 
They meet immersion test requirements of MIL-E-5272, Procedure I. 

A complete choice of actuators (see representative examples below) 
and circuitry is available. For complete switch engineering informa- 
tion, see your Yellow Pages 


for the MICRO SWITCH 
Branch Office nearest you. . . 
or write for Catalog 77. 


MICRO SWITCH 
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The Precision Division of Foote Bros. 
Gear and Machine Corporation has 
been a trusted partner of major 
American power plant, airframe, and 
helicopter manufacturers for a quarter 
century. In producing precision gearing, power trans- 
mission systems and related actuating devices for 
civil aircraft and military hardware of all types, the 
Precision Division has kept pace with the aviation 


industry’s requirements for product reliability. 
Through advanced technology in the Quality Con- 
trol, Metallurgical and Manufacturing areas, the 
Precision Division has fully met the exacting require- 
ments of prime contractors and manufacturers. 
Foote Bros, long experience and total capability — 
which extends from the design phase through manu- 
facturing and complete support programs — is at 
your service. 



FOOTE BROS. 



POWER TRANSMISSION DRIVES 




AT RADIATION, CHALLENGE IS OPPORTUNITY 

Example: A single system solves many wide-band-coverage antenna problems 


An entirely new type of ontenno system is now available from 
Radiation, Incorporated. Product of a unique engineering con- 
cept, TELSCOM" (Te/emetry-Surveillance-Communicotions) 
will solve problems of bandwidth, reliability and logistics. This 
single antenna is designed foe command, search, acquisition 
and tracking over a full decode bond for a variety of missions. 

The Model 4061 -2 system offers medium gain and provides 
coverage over the entire band Irom 200 to 2300 me with select- 
able polarization, larger operture configurations are available 
to meet high gain applications and system design can be tai- 
lored to cover other decade bonds without compromising 
flexibility In the choice of polarization. Mechanical design of 
the system reduces inertia and correspondingly introduces 
high tracking performance with minimum drive power. 

Thus, TEISCOM eliminates the need for "ontenna farms" or 
feed chonging associated with the myriad missions requiring 
aerospace ground support. A single set of RF terminals is used 


for all functions. Maintenance is greatly reduced too, through 
highly reliable transistorized servo circuitry, replaceable mod- 
ules, immediate access to test points ond adjustments at the 
front panels. 

This important advance in the art of antenna design could 
only be accomplished through the combined efforts of an ex- 
perienced ond talented team of engineers . . . such as those at 
Radiation. If you'd like to become a part of this group, send 
your resume or write for more information. Personnel Director, 
Dept. AW-8- Radiation, Incorporated, Melbourne, Florida. 
Radiation is an equal opportunity employer. 



CRYOGENIC 

NON. 


OK! 


ARROWHEAD 
COMPONENTS A-OK 

NASA SATURN 
PROGRAM! 


Reliability assured by complete in-plant facilities for design • engineering • 
testing • manufacturing • cleaning 



ia 
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LRROWHEAD PRODUCTS 

Division of Federal-Mogul-Bower Bearings. Inc. 

LOS ALAMITOS, CALIFORNIA 


Arrowhead capabilities in research, engineering and manufacturing are avail- 
able for the solution of a variety of spgce-age problems in the areas of metal, 
rubber, and plastic fabrication, thermal insulation and human factors. 
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PHOTOELASTICITY 



The analysis of stresses caused by thermal shrinkage has always been a knotty problem, especially in 
complex three-dimensional shapes. The two figures above compare the results of a complex analysis 
(A) with an experimental photoelastic study (B) so that even nonscientific members of the solid pro- 
pellant community can see the progress we have made in three-dimensional stress analysis. The photo- 
elastic picture shows the "fringes" from a slice of a thick-walled cylinder of photoelastic resin cast into 
a steel tube, with the resin shrinkage producing the same distribution of stresses that occur upon cooling 
a rocket motor. The analytical figure shows the calculated contours of tensile stress using the computer 
to handle the finite-length problem through the stress function technique. ■ The success demonstrated 
by these illustrations shows the progress that may be realized when scientists with diverse interests, 
such as stress analysts, grain designers, organic chemists, and rheologists, work toward a common goal 
in an environment conducive to research. Management people would say that we have improved our 
communication; we scientists say we have improved our ability to handle difficult design problems. 
We invite you to participate in our challenging advanced research activities. 
Aerojet-General® needs scientists with advanced degrees and unusually high levels of achievement in 
photoelastic research, chemistry, applied mathematics, physics, stress analysis, and metallurgy. Your 
letter will receive prompt, confidential attention. Write Dr. P. L. Nichols, Jr., Manager, Aerojet-General 
Solid Rocket Research, P. 0. Box 1947-F, Sacramento, California. An equal opportunity employer. 


SOLID ROCKET PLANT Sacramento, California 
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This photo-oplical space chamber— largest of its hind — 
simulates altitudes of 300 miles (4x1Q~ 9 mm Hg), In this 
3.000 cu. ft. chamber, near-infrared, TV and photographic sensory 
systems are performance tested in aerospace environments. Other 
types of equipment, even complete satellites and spacecraft, are 
also checked out here. Capabilities of the chamber include tempera- 
tures from 100°Fto 300°F, and vibration of 28,000 force-pounds 

to 300,000 feet. A high resolution photo-optical test system beneath 
the chamber features a collimator array with a vertical focal length of 
27 feet. Terrain motion is simulated with dynamic resolution targets. 

For more details on this unique testing facility write for brochure: 
"Facilities and Capabilities — an 
Eye to the Future." Address 
Fairchild, Department 13. 

Robbins Lane, Syosset, N. Y. 

DEFENSE PRODUCTS DIVISION 

LOS ANGELES. CAl'/PALO ALTO, CAl! 

A COMPLETE VISUAL IMAGING SYSTEMS CAPABILITY 
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The world’s smallest satellite has been developed by Space 
Technology Laboratories. Its shape will be different from all 
other satellites before it. STL engineers and scientists have 
used a tetrahedral configuration to bring about some remark- 
able characteristics in a space vehicle. There will be no need 
for batteries nor regulators in flight. The satellite will have 
no hot side, no cold side. It will require no attitude control 
devices. No matter how it tumbles in space it will always 
turn one side toward the sun to absorb energy, and three 
sides away from the sun to cool instrumentation and telem- 
etry equipment inside. It can perform isolated experiments 
in conjunction with other projects. Or it can be put into 
orbit by a small rocket to make studies of its own, up to five 
or more separate experiments on each mission it makes. 


STL is active on hardware projects such as this and as prime 
contractor for NASA's OGO and an entirely new series of 
classified spacecraft for Air Force — ARPA. We continue 
Systems Management for the Air Force's Atlas, Titan and 
Minuteman programs. These activities create immediate 
opportunities in: Space Physics, Radar Systems, Applied 
Mathematics, Space Communications, Antennas and Micro- 
waves, Analog Computers, Computer Design, Digital 
Computers, Guidance and Navigation, Electromechanical 
Devices, Engineering Mechanics, Propulsion Systems, 
Materials Research. For So. California or Cape Canaveral 
opportunities, please write Dr. R. C. Potter, Dept A One 
Space Park, Redondo Beach, California, or P. O. Box 4277, 
Patrick AFB, Florida. STL is an equal opportunity employer. 




SPACE TECHNOLOGY LABORATORIES, INC. 

a subsidiary of Thompson Romo Wooldridge Inc. 
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E D I TO RIAL 
Airlines and Airports 


(Airport costs, rising faster than airline revenues, have 
become an increasing problem in airline operations. Some 
solutions to this and other airport-airline relationships were 
recommended to the Airport Operators Council annual 
meeting in Honolulu last week by Marshall D. Kochman, 
American Airlines vice president-properties and facilities, 
and key excerpts follow.) 

How are we to work out airline-airport business and 
financial relationships? More precisely, how will land- 
ing fees and rentals be determined? Is there going to 
be some uniformly applied magic formula that considers 
depreciation, operating and maintenance costs, valuation 
of improvements, airlines revenues, prudent expenditures 
and consultants’ expense accounts? I don’t think so. 
Arc fees and charges to be regulated by arbitrators, the 
CAB, the FAA. the State Public Service Commission 
or the Alcohol Control Board? I don’t think so. al- 
though there is a good deal to be said for the proposition 
that airports and airlines must either work out their 
mutual problems or someone else will. 

In my opinion, our financial relationships must still be 
worked out by individual airports and the airlines that 
serve them, for there is too much dissimilarity between 
airports, and, for that matter airlines, to permit pat or 
national solutions. This is not to say that there are 
not things we should be working on together on a 
national or industry basis, nor is it to say that we can’t 
approach our individual airport problems in a more 
sophisticated and productive way, because we spend too 
much time arguing and we usually argue about the 
wrong things at the wrong time. 

No matter how high you raise your rates, nor what 
arguments you use to justify increases, you cannot 
achieve self-sufficiency without activity and lots of it. 

The airlines have one problem that you don’t— exces- 
sive competition. But this problem will be solved, prob- 
ablv by mergers, and thereafter our financial stability 
and yours will depend on the continuing growth of air 
transportation, for only growth will increase activity 
and activity is the key to self-sufficiency. 

Instead of haggling so long over rent and landing fees, 
we should first try to work out the airlines’ role in your 
financial and construction plans. This isn’t easy, but 
if we can reach an understanding on where you are 
going and what part you expect us to play, most of the 
delays, frustration and antagonism of later negotiations 
can he avoided. 

I suggest that philosophical arguments about whole 
airports or unwhole airports, or cost and revenue allo- 
cations, have been developed by one or the other of us 
to support positions in individual negotiations, anil 
offer no key to the solution of our problems. We both 
need cost accounting to manage our business, but cost 
accounting is a tool of management not a substitute 
for it. 

If we ask for participation in your construction and 
financial planning, we must be able to participate re- 
sponsibly and affirmatively. Many of our past problems 
arose from our inability as an industry to tell you what 
wc needed. After all, you can’t have a runway both 
R.000 and 10.000 ft. long, nor can you provide gate de- 
parture rooms one day and not the next. This is our 


problem and many of us recognize it and are taking 
steps to solve it. 

There is one element of tomorrow’s costs that we can 
both do a lot to control. Every time you use net 
revenue bonds to finance improvements, you arc getting 
50 or 60. or at best, 70 cent dollars in return for the 
questionable advantage of withholding municipal credit. 

There is another type of revenue bond financing that 
has been little used and is more complex to arrange, but 
will turn the 50 or 60. or 70 cent dollars back into whole 
dollars. These are gross revenue bonds. The difference 
is that the full faith and credit of the municipality is 
behind them. 

For each SI. 000,000 of 50 vear net revenue bonds 
at 45% interest with a 509! debt coverage, you have to 
repay 592,000 per year. For the same amount you could 
support $1,800,000 in gross revenue bonds. Entirclv 
apart from debt service, the extra 15% interest adds 
$540,000 to the cost of a 50 year $1,000,000 bond issue. 

Aside from ease of issuance, do net revenue bonds 
have a real advantage to municipalities by permitting 
them to withhold their general credit? First, any air- 
port financially sound enough to support net revenue 
bonds can support gross revenue bonds with less risk of 
default since the annual payments are smaller. But. it 
is argued, the taxpayers would have to come to the 
rescue if there was a default of gross revenue bonds 
and they would not in the case of default of net revenue 
bonds. How realistic is this argument? Would any 
major city stand by and watch the foreclosure of its 
principal airport? The price of this unlikelv privilege 
is very high. 

The Airport Operator’s Council was born out of 
airline-airport controversv over fees and charges, vet 
this particular problem was soon to occupy very little 
of your time as you attacked the various mutual prob- 
lems of the airports that had nothing to do with air- 
lines, let alone airline landing fees and space rentals. 

Yet this accident of birth has resulted in the Council 
and the airlines withdrawing from each other and this 
isolation has been to our mutual disadvantage. We have 
many areas of common interest and it is time we started 
working on them. To be specific: 

• Supersonic aircraft. Wc all know what we went 
through on the jets. We wall have to fly these aircraft 
into your airports so we’d better start looking at the 
problems now. 

• Aircraft noise. Whether we talk about noisy airplanes 
or noisy airports our mutual concern about community 
noise problems is obvious. 

• Development of airport planning data. Every time we 
want to know how much traffic a runway can handle 
or how many gate positions arc required to accommodate 
a certain level of traffic, we seem to hire a consultant to 
tell us. but I suggest that a joint analysis of a represen- 
tative number of existing airports might give us more 
accurate answers. Also, with the cost of airport improve- 
ments and aircraft operations so high we should find a 
wav to measure the cost of delays and inefficiencies 
against the cost of corrective measures. Building new 
runways or even new airports is not necessarily the only 
answer to airport congestion. 


World Wide Timing 



Wake Island to Woomera ... Sarasota to Singapore ... South Africa to South Point, Hawaii;; 


At tracking stations and data reduction 
centers throughout the world, ASTRODATA 
solid-state timing systems assure reliable 
and economic solutions to present and fu- 
ture timing needs. During the past two 
years, ASTRODATA has built and shipped 
over 60,000 digital circuit modules for land- 
based, ship- and airborne timing systems — 
enough to fill 350 six-foot racks. This equip- 
ment has displayed the high reliability de- 
manded by continuous operation. Because 
ASTRODATA has designed standard, off- 


the-shelf products with options to' cover 
many requirements and- forestall- early 
obsolescence, costly custom engineering is 
cut. The time saved speeds routine and 
rapid delivery. 

ASTRODATA has standard Time Code Gen- 
erators, Universal Automatic Translators 
and Tape Search equipment for your timing 
instrumentation needs. We invite you to 
investigate ASTRODATA's capabilities and 
will be happy to supply names of custom- 
ers in your area. 


ASTRODATA. ITWC3. 
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WHO'S WHERE 


In the Front Office 

G. Howard Teeter, group '"ice president. 
Hoffman Electronics Corp., Los Angeles. 
Calif., responsible for the direction and co- 
ordination of the Military Products Division 
and Hoffman Science Center. 

Maj. Gen. Robert B. Landry (USAF. 

of America. Phoenix, Ariz. He formerly was 
aide to President Truman. 

Dan T, Buist, president, Turco Products, 
Inc.. Wilmington, Calif. 

Stephan A. Keller, president. Telex, Inc.. 
Minneapolis, Minn., succeeding Arnold J. 
Rydcn, now hoard chairman. 

Richard A. Fitzgerald, general counsel and 
corporate secretary. Frontier Airlines. 

Earl P. Stevenson, former president and 
board chairman of Arthur D. Little, Inc.. 
has been named chairman of the National 
Aeronautics and Space Administration’s 
newly established Industrial Applications 
Advisory Committee. 


Honors and Elections 

James H. Kindclbcrgcr, deceased board 
chairman of North American Aviation, Inc., 
has been named the 1962 winner of the 
Daniel Guggenheim Medal, awarded bv the 
American Society of Mechanical Engineers, 
Society of Automotive Engineers and the 
Institute of the Aerospace Sciences "for 
technical and industrial leadership in pro- 
ducing excellent aircraft and space equip- 
ment from early fighters to the X-l 5 space 
plane.” 


Donald Cotch, manager of the newly es- 
tablished Huntsville (Ala.) Office for Air- 
craft Armaments, Inc., and Kenneth Daub, 
assistant manager. 

Arthur V, Sommer, executive assistant to 
the division manager, Anna Division. Ameri- 
can Bosch Anna Corp.. Carden City. N. Y. 
Maurice J. Regan succeeds Mr. Sommer as 


• of cr 


igincermg ar 


s H. Guill, 
systems planning. Nuclear Space Pregrams 
Division, Lockheed Missiles & Space Co., 
Sunnyvale. Calif., responsible for all ad- 

cxploring operational ‘ uses of the’ RIFT 
(Reactor in Flight Test) nuclear vehicle. 

Andrew Kalitinsky. Nova program direc- 
tor, General Dynamics/ Astronautics, San 
Diego, Calif. 


a subsidiary of PneumoDvnamics Corp. 

Edward L. Montgomery, assistant director. 
Space and Weapon Systems, Ford Motor 
Co.’s Acronutronic Division. 

William E. Goohs. manufacturing man- 
ager, Aircraft Engine Operations. Allison 
Division of General Motors Corp.. Indiana- 
polis. Ind.. succeeding Harold R. Laubach, 
now assigned to the general manager’s staff. 

Dr. Charles H. Stockman, technical direc- 
tor. B. F. Goodrich Aerospace and Defense 
" ’ " on. Akron. Ohio. 
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INDUSTRY OBSERVER 

► Gemini engineering mock-up review was held Aug. 15-16 at McDonnell 
Aircraft Corp. Major design change from configurations previously pictured 
was elimination of the ungula at the top of the capsule, which was designed 
to flip the capsule around if reaction jets failed. Wind tunnel tests showed 
the design would not work, and the small end of the spacecraft now is flat. 

► Installation of Sparrow 3 air-to-air missiles on West German air force 
Lockheed F-104G fighter aircraft has been studied by Raytheon and the 
Germans. The F-104G could carry a pair of the missiles with the necessary 
fire-control equipment housed in wing-tip pods. Cost considerations seem to 
be working against adoption of the missile. 

► Launch of the Anna-IB tri-service geodetic satellite, which was scheduled 
from Cape Canaveral Aug. 14 (AW Aug. 6, p. 52), will lie delayed until the 
end of October because of difficulties with the payload. The Navy-managed 
program is scheduled to put the 555-lb. satellite into a 600-naut.-mi. circular 

► Air Force is considering the detonation of Minuteman ICBM stages in 
original test silos at Edwards AFB to determine blast effects in relation to 
safety requirements established for deployment of the missile at operational 
sites. Explosive effects of the first stage alone could be extrapolated to deter- 
mine the hazard if all three stages were detonated in the silo. Edwards silos 
were built to test lift-out characteristics of tethered missiles. 

► Temporary interruption in receipt of telemetry signals from NASA's 
Orbiting Solar Observatory (OSO) earlier this summer, now is believed to be 
the result of nuclear testing over the Pacific. A failure in the UK-1 satellite 
also is attributed to effects of nuclear explosions. 

► Air Force has let three competitive development contracts for im- 
proved propellants for the Douglas Genie air-to-air nuclear-tipped missile 
motor. Recipients were Aerojet-General, Thiokol and Rocketdyne. After 
successful demonstration of the new Genic motors, production contracts 
covering a substantial quantity are expected to lie let by the Procurement and 
Production Directorate of USAF's Ogden Air Materiel Area. 

► Project Orion, long-range Air Force-Atomic Energy Commission concept 
for propelling exceptionally large space vehicles with controlled nuclear 
explosions in space, may employ 500 to 400 nuclear device detonations for 
a single large spacecraft. The vehicle would measure about 80 ft. in diameter 
and 1,000 ft. in length. The aim is to harness about 50% of the energy 
released in the detonations for spacecraft propulsion. 

► Air Force Systems Command’s Space Systems Division has dissolved its 
698AN office, which had been responsible for administering a Martin- 
Marietta Co. contract for a manned space satellite surveillance system. 

► Revolving twin-barrel 20-nim. cannon is being considered by USAF as 
armament for the McDonnell F-110 and the later F-lll aircraft. The 
cannon, developed by Hughes Tool Co., is designated the Mark 11 and was 
originally designed for the Navy’s A4D. The cannon is undergoing a reliabil- 
ity -development program and about 10,000 rounds are being fired each 
week. The weapon uses recoil gas energy to feed rounds to the firing chamber 
and is designed to be carried in a pod, which can be jettisoned. 

► University of Denver Research Institute’s Industrial Economic Div ision is 
conducting a study of the commercial byproducts of the U.S. rocket and 
space programs for NASA. The survey includes a simple questionnaire sent 
to industry. Information submitted for the study will be confidential. 

► Space Technology Laboratories and International Electric Corp. are the 
leading contenders in Air Force Electronic Systems Division’s competition to 
select study contractors for its range instrumentation planning study (AW 
Aug. 15, p. 75). The companies were among the top organizations in tech- 
nical evaluation of proposals submitted last month. 
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SILICOLOGY 


An Innovation in 
Silicone Technology 



New OrganoFunctional Silicone Forms a 
Super-Thin Finish, Prevents Metal Corrosion 


with a common nitrocellulose lacquer, 
became tarnished and discolored. Other 
tests proved UCAR 101's ability* to with- 
stand continuous heat below 200° F and 
intermittent heat up to 250"E UCAR 
104, another version of this new silicone 
material, has been developed for use at 
higher temperatures. 


A new silicone metal protectant that 
really protects, without affecting dimen- 
sional tolerances or surface appearance, 
has been developed by Union Carbide 
scientists. Effective on all metals be- 
tween magnesium and gold in the elec- 
tromotive series, the new material pre- 
vents corrosion and tarnish indefinitely 


These benefits of UCAR 
from its extreme adhesion 
tional continuity as an 
bond 


Application of UCAR 101 is simple. It 
can be sprayed, dipped, or wiped on. 
After 5 or 10 minutes of air drying, the 
treated object can be safely handled, 
days of air drying, or 15 minutes 
ting at 250°F, will completely cure 
m. Immediate applications seem 
as electronics compo- 
hardware, household 

Carbide is the leading innova- 
in silicones technology. New prod- 

constantlv developing. One reason for 
this is the great resource of technical 
capacities available within Union Carbide 
Corporation. To find out what’s being 
done in silicones today (and tomorrow), 
contact your Silicones Man. He repre- 
sents thousands of scientists and then- 
coordinated abilities. Send in the coupon 
below for further information. 


SILICONES 


101 
urface its 

Since the fiChafno 
on dimensional char- 
it is particularly useful on 
parts machined to close toler- 
A corollary benefit of this thinness 
urface coverage, approximately 
ft. per gallon. 


PERFORMANCE IS EXCEPTIONAL 


c* 


( 


Steel saw and gear, ei 


ch half-treated with UCAR 10 
85% relative humidity atm 


Five years of laboratory 
testing show that UCAR 
101 provides long -lasting 
protection against attack by 
environmental atmospheres 
containing sulphides and 
other corrosive materials in 
liquid, solid or gaseout 

Copper, aluminum, brass 
bronze, gold and other met- 
als were coated with UCAR 
101, immersed in ho' 


and 


exposei 

sodium sulphide. They 
showed no change in ap- 
pearance. Yet similarly 
tested items, treated only 
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McNamara’s Approach 


Military Space Potential 


Next Soviet Spectacular 


USAF Management 


Washington Roundup 

Defense Secretary Robert McNamara last week spent more than an hour with 
Sen. Howard Cannon discussing the senator's speech demanding an enlarged military 
space program (AW Aug. 20, p. 11). 

McNamara agreed that many of Sen. Camion's expressed fears about military space 
progress were justifiable but promised increased effort (see p. 34). The defense secretary- 
told his press conference right after his meeting with Cannon that "1 think it entirely 
appropriate that periodically the subject (of the military- space program) be discussed." 

Pentagon observers feel this statement by McNamara may help relax the restric- 
tions on Defense officials who want to speak out on the military space program. 
McNamara also offered to meet with Pentagon correspondents on a more frequent 
basis, and invited them to complain if they felt they were not getting sufficient access 

In short, McNamara appears to realize that the military space role is becoming 
the primary defense issue, politically and otherwise— and he seems more disposed toward 
arguing his case in public. Sen. Cannon was pleased with McNamara's display of 
concern and said after the meeting: “I was somewhat reassured but still feel there is 
much more to be done than is now planned for enlarging the military's space role.” 

Sen. John Cooper, influential Kentucky Republican, has expressed concern that 
Russian superiority in military satellites might undercut the U.S. deterrent force. He 
shares the fear, held widely inside and out of government, that Russia may be perfecting 
rendezvous partly in order to knock down U. S. military satellites. Without the Samos 
satellites for reconnaissance and the Midas satellites for early warning of Soviet ballistic 
missile launchings, U.S. aircraft and missile forces would be robbed of much of their 
deterrent effect. Many U.S. observers believe Russia would not hesitate to knock down 
a Samos satellite if technical and political conditions were right— using the justification 
that it is a space-going U-2 and citing Russia's long-standing position that there is no 
upper limit to sovereignty in the air and space above a nation. 

Some U. S. scientists believe the next Soviet space spectacular will be flown at an 
inclination to the equator of 49 deg. Because six of the eight Cosmos satellites have 
made extensive measurements on this trajectory. The other two. Cosmos 4 and 7. were 
launched on 65 deg. inclinations, apparently to sample the Vostok flight path 

Latest Cosmos, eighth in the series, was launched Ang. 18 at 49 deg. inclination. 
It is orbiting with a period of 92.9 min. between the altitudes of 375 and 1 59 mi. 

Not only did the Vostoks' space rendezvous dim what President Kennedy last 
week called the “historic rendezvous" under the north polar ice cap of the U.S. nuclear 
submarines Skate and Sea Dragon, but this apocryphal story surfaced in the Pcntagon- 
Cdr. Joseph L. Skoog of the Skate is supposed to have said to Cdr. Charles D. Summit 
of the Sea Dragon as they neared the meeting place: “Hello, Sea Dragon, is that you 
Charlie?" The reply: "Nyet.” 

Watch for Air Force Systems Command to begin shifting away from rigid oberv- 
ance of its special designated system "red line" project approach, in which a technical- 
management team is responsible for only one project. The projects are competing for 
technical and management talent, and there is not enough for this vertical approach. 
Result is that management of some of the red line systems is breaking down. In the 
future, management teams probably will be broken into specialty groups working on a 
number of projects rather than just one, except in a few high priority programs. 

Systems office in NASA's Manned Space Flight Office is being expanded to include 
three directorates— studies, analyses and engineering. The latter will be headed by 
John A. Gautraud, manager of Avar's guidance and control department, beginning 
Sept. 1. Head of the systems office. Dr. Joseph F. Shea, is deputy to Braincrd Holmes, 
manned space flight director. Shea will have two dqrutics in the field. Richard J. Hayes 
at the Manned Spacecraft Center in Houston, Tex., and Dr. Arthur Rudolph at the 
Marshall Space Flight Center in Huntsville, Ala. 

National Aeronautic Assn, is disputing claims of Col. Gen. Pyotr Braiko, Soviet 
Air Force chief of staff (see p. 36), about Russia’s leading the U.S. in aviation records. 
The Association said Russia exaggerated the figures by including 63 parachute records 
and used Jan. 1, 1961, as the cut-off date— thus ignoring both 1961 and 1962. when the 
U. S. overtook Russia in certified aircraft records. 

Navy Lt. Cdr. Scott Carpenter last week told NASA that he and his fellow astro- 
nauts have a suggestion for increasing booster reliability: "Provide only canvas-covered 
blockhouses." —Washington Staff 
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Defense Management Policies Irk Services 


Top Air Force, Navy, Army officers discuss united 
front to oppose the Pentagon’s restrictive practices. 

Bv Larry Booda 

Washington— Possibility of presenting a united front against what are 
considered restrictive review practices by the Office of the Secretary of 
Defense in the study and development of new weapon systems is being 
discussed by top Air Force, Navy and ATmv officers. 

Behind the move is increasing concern that no major weapon system has 
been permitted to move from the study phase to the development phase or 
from the development phase to production since the present Administration 
entered office in January, 1961 . The services feel that the sense of urgency 
in important weapon programs is being weakened by a desire for economy. 


These talks are aimed at exploring 
the best possible approach that could 
be made to Assistant Secretary of De- 
fense (Comptroller) Charles J. Hitch 
and Director of Defense Research and 
Engineering Dr. Harold Brown to ap- 
peal for more speed in approving de- 
velopment and production of new 
weapon systems and release of funds 
for those purposes. There is no inten- 
tion of making a massive assault on the 
program packaging concept, wherein 
similar forces, regardless of what service 
they belong to, arc lumped together for 
the purposes of military requirements 
planning, budgeting and development. 
Program Definition 

The principal concern of senior mili- 
tary officers is an increasing tendency 
being shown by the Office of the Secre- 
tary of Defense to demand program 
definition to such a degree of perfec- 
tion that this phase, also called Phase 1, 
is repeated or extended (AW Apr. 2, 
p. 22). This amounts, the officers say. 
to backing away from clear-cut deci- 
sions on development or production of 
a wide range of projects. It could also 
mean that by the time systems become 
operational, they will be obsolescent. 
Too much time is being traded for 
economy, these officers say. One officer 
remarked that if present programing 
and review practices had been applied 
to the ballistic missile development pro- 
grams, they would have become opera- 
tional in 35 years. 

The principal tool being used by 
McNamara and his research and comp- 
troller assistants to bring service pro- 
curement organizations into line is the 
statutory authority possessed by the 
Secretary of Defense to withhold or re- 
lease part or all of funds appropriated 
by Congress for specific projects. It is 
being used widely now to withhold 
Fiscal 1963 money. Additional justifica- 
tions are being demanded. In one sense, 
this power is being used as a lever to 
bring the services' Fiscal 1964 budget 


requests into line with Defense Depart- 
ment's preferences. 

Until this year. Dr. Brown's office 
has concentrated on a wide variety of 
Air Force projects, demanding better 
management practices to prevent ex- 
cessive cost overruns. Air Force officers 
say that as a result their project man- 
agement has improved. 

Close Scrutiny 

The Annv also was subjected to close 
scrutiny in its Nike Zeus anti-missile 
missile development program, which 
still lacks approval of concurrent pro- 
duction of long lead time components. 

Because of Navy’s success in making 
the Polaris submarine-launched ballistic 
missile system operational in five years, 
its projects had been relatively un- 
touched until recently. Now it also finds 
what it considers important projects 
being delayed. 

Several programs can be cited as the 
basis for the concern of the services. 
One is the USAF-Douglas Skvbolt air- 
launched ballistic missile. Defense offi- 
cials cite this program as their most 
glaring example of cost overruns and 
poor management by both the Air F'orce 
and the contractor. 

The program was begun on a "crash" 
basis to provide a standoff nuclear 
weapon capability to the Boeing B-52 
bomber in an increasingly hostile en- 
vironment over Russia. It has been re- 
viewed repeatedly by both the Air 
Force and defense officials. Its program 
cost goals have been shifted upward. 

As of last July 1, a decision had been 
made to go ahead with production. 
Nevertheless, the project is still being 
delayed through incremental release of 
funds. The first increment enabled the 
project to continue through Aug. 15. 
Funds now have been provided for work 
through the end of this month. 

Air Force officers say the program is 
suffering from the lack of a clear go- 
ahead approval. Release of funds in 


dribbles actually is increasing costs, they 
say, because no smooth flow of work 
can be planned. Attempts to separate 
the production phase from the develop- 
ment phase is unrealistic; waiting for 
development firing successes to make a 
final decision on production funds only 
aggravates the situation, they point out 

Another example is the Titan 3, or 
Standard Space Launch System 624A 
(see p. 27). This “workhorse” space 
booster has been the subject of discus- 
sion since last summer, when the joint 
National Aeronautics and Space Ad- 
ministration-Defense Golovin Commit- 
tee first met to determine the basic con- 
figuration to be used. Last spring 
another group, the Brady Committee, 
re-evaluated the project (AW Mav 2S, 
p. 29). 

In the meantime, program definition 
studies were being made by selected sub- 
system contractors. An announcement 
of approval to begin development of the 
booster was expected last Aug. 1 5. as 
the Air Force had recommended. How- 
ever. what amounts to another dclav 
resulted. Funds for development will 
not be released until “definitive” con- 
tracts are signed. This can mean months 
of negotiations before actual develop- 
ment can begin. Under former rules, 
letter contracts could have been signed 
and work could have begun immedi- 
ately. 

Tri-Service Fighter 

In February, 1961, Secretary of De- 
fense Robert S. McNamara announced 
that a tri-service tactical fighter project 
(TFX) would be undertaken, combining 
the requirements of the Air Force, Nar y 
and Anny. The Air Force already had 
initiated a request for a tactical fighter 
program and Navy requirements were in 
the study phase. 

In the intervening period, Annv re- 
quirements were split off into another 
project, the varying requirements of the 
Air Force and Navy were compromised, 
and the proposals of six contractor teams 
for the Air Force-Navy project were 
evaluated. Two finalists were chosen 
early this year to make final proposals 
and were paid for their work. At the 
end of their restudv and re-evaluation 
periods, the two companies were sent 
back to redo their proposals. The earli- 
est that a decision could be made would 
be Oct. 1 5. the end of the evaluation 
period. Defense officials maintain that 
the delays are due simply to their de- 
termination to keep competition in the 
study phase. 

Air Force and Navy officers are pri- 
vately betting that if the project enters 
development at all, it will be at least 
two years after the McNamara an- 
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nouncement of early last year. Air Force 
officers sav that if they had heen per- 
mitted to go ahead with their own 
TFX project, a prototype aircraft would 
have been flying in 1964. Estimates 
now range from 1966 to 196S. 

Other Air Force projects which fall 
into the tightly controlled category arc 
the North American RS-70 Mach 3 
reconnaissance-strike aircraft, which is 
still in the study phase and is being 
evaluated by defense officials, and a 
number of space projects. A complete 
embargo was placed on advanced studies 
early last year by Defense, and only re- 
cently was permission granted to resume 
some of them (AW July 30. p. 16). 

Many Air Force officers admit that 
their service has spread its talent too 
thinly over a wide variety of projects 
and that being restrained from initiating 
too many projects has been a good 
thing. But they stick to their basic 
premise that time is being wasted by 
requiring complete definition before 
contracts are let. 

The Navy is feeling the pinch in one 
project, the North American A3J-3 
supersonic reconnaissance aircraft, 
which is in the advanced stages of 
development (sec p. S8). It would like 
to request funds for the production of 
30 aircraft. Defense officials are in- 
clined to demand demonstration of the 
system's capabilities before permitting 
production, however. The Navy would 
like to order production on long lead 
time components, at the least. 

A similar situation exists with respect 
to the Grumman W2F-1. 

The Navv also is feeling the effects 
of a close scrutiny of its Naval Tactical 
Data System, which would tie together 
all the elements of command and con- 
trol for the fleets. The Typhon weapon 
system, a multi-purpose missile for ships, 
is also affected. 

In addition to Nike Zeus, the Army 
has been forced to reduce the number 
of tactical missiles in its future inven- 
tory. Its plans to produce a follow-on 
to the de Havilland AC-1 STOL assault 
transport (AW July 23, p. 26) arc also 
stalled in the defense secretary's office. 


Anna Launch Delayed 

Washington— Anna-IB geodetic satel- 
lite. scheduled for launch Aug. 14 (AW 
Aug. 6, p. 32), will not be launched until 
October because of a fear that the effects 
of the radiation belt caused by the July 
9 U.S. high-altitude nuclear detonation 
(sec p. 32) might prematurely degrade 
the payload solar cells. This is in addi- 
tion to initial troubles with the payload 
(see p. 23). 

The satellite is scheduled to be 
launched into a 600-mi. circular orbit, 
which is near the altitude of peak inten- 
sity of the new belt. 


DOD Plans Changes in Systems Acquisition 

Los Angeles— Use of a program definition phase in the development of major 
weapon systems prior to the (inn selection of final contractors will permit expanded 
use of fixed price and cost-plus-incentivc-fcc type contracts. Assistant Secretary- of 
Defense John H. Rubel told the Western Electronic Manufacturers Assn, here last 

As a result of using the new technique on the Titan 3 program. Rnbcl said, about 
7096 of the dollar s-alnc of contracts for its development will be of the fixed price 
and incentive fee type. The technique also has been used in the mobile medium- 
range ballistic missile and the Army’s new Marshall tactical missile. 

"Proposals submitted by contractors will be an important factor in selecting con- 
tractors for the program definition phase." Rubel said, "but arc not the only factor 
and not necessarily, in many cases, the decisive factor.” During the program defini- 
tion phase, the selected contractors will work together to accomplish those initial 
steps that have to be taken anvsvay before a development project can be accomplished. 
Rubel said. These include over-all system design and analysis, subsystem design and 
analysis, and descriptions of problems and requirements at the interfaces between 
major subsystems. In many cases, this will include the opening phases of laboratory 
experimentation and design. 

During the program definition phase, the nucleus organization around which the 
full-scale project will grow is set up. Rubel said, and management mechanisms such 
as PERT and PERT/Cost arc prepared and submitted for review. 

Rubel conceded that some of these steps could be attempted without a formal 
program definition phase by individual pros|icctivc contractors or by management 
groups such as Aerospace Corp. But an important difference is that under the pro- 
gram definition phase the contractors who later will be responsible for the actual 
development arc working together across the entire spectrum of project activities, he 
said. Those who hold project management during the initial phase have the oppor- 
tunity to demonstrate how effectively or ineffectively they can manage the snb- 


In areas of higher-than-average technical risk or where it is difficult to choose 
between two approaches. Defense Department will support two contractors in com- 
petition throughout the program definition phase, selecting one for the subsequent 
development program based on performance and achievement. Rubel said. Support 
for development of advanced subsystems which arc not earmarked for a specific 
weapon system is planned, Rnbcl said, to assure that the necessary building blocks 
will be available for weapon systems. One example, cited by Rubel will be a family 
of highly reliable components for guidance systems. Defense Department hopes to 
standardize on a few major subsystems, such as guidance, to achieve the reliability 
and economy which come from repetitive use. Rubel said. 


Titan 3 Funds Await Negotiations 


Washington— Funds for development 
of the Titan 3 space booster will not be 
released by Defense Secretary Robert S. 
McNamara until what arc described as 
“definitized" contracts are signed by the 
Air Force and the major subsystem con- 
tractors. A Defense official says this will 
take four to six weeks. 

What this amounts to is an extension 
of the Phase 1. or program definition 
phase of development, until contracts 
are negotiated. It could result in sub- 
stantial changes being made to systems 
studies that already have been com- 
pleted. Contractors were paid for pro- 
gram planning and are being paid small 
amounts through the negotiation phase. 

Instead of announcing approval of 
the development phase of the 624A 
Standard Space Launching System, as 
had long been expected, the Defense 
Department simply announced that the 
Martin Co. has been chosen as the sys- 
tems integration contractor. Congress 


has appropriated 8204 million for the 
624A system for Fiscal 1963. The en- 
tire program cost is estimated at S808 
million. 

Titan 3 will employ a modified ver- 
sion of the Titan 2 guidance system 
which is produced by the AC Spark 
Plug Division of General Motors Corp. 
Space Technology Laboratories, Ine., 
and American Bosch Arina Corp. were 
notified last May 2 that they would be 
chosen to develop a new guidance sys- 


Titan 2 System 

The AC Spark Plug guidance system 
will be almost identical with the Titan 
2 system except for minor modifications 
to the platform to accommodate it to 
the greater maneuverability require- 
ments of the Titan 3. There will also 
be additional cooling equipment for the 
guidance package. 

This change reveals thinking in the 
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Office of the Director of Defense Re- 
search and Engineering which favored 
using a guidance system already in be- 
ing. The opposite point of view, held 
by the Air Force, was that the existing 
system would have to be modified and 
that it is not easy to alter a highly sen- 

When they were notified last week 
that AC Spark Plug had been chosen 
to make a modified Titan 2 guidance 
system. STL and Alma were told that 
they were top contenders for an ad- 
vanced system. This is unexplained, 
because there has been no announce- 
ment of possible development of a 

STL was to have been the prime 
contractor, doing about 40% of the 
work in the fonn of the ground check- 
out equipment and accessory equip- 
ment. Arma was to furnish the same 
types of gyros and accelerometers used 
in the Atlas missile guidance system, 
a newly designed lightweight platform 
and a newlv developed digital computer 
version which recently started laboratory 
tests but has not had flight tests. The 
proposed STL-Arma svstem weighs 
100 lb. less than the Titan 2 system. 

Arma. after the May 2 notification, 
began reorganizing its staff and doing 
some research using company funds. 
Unless Anna can obtain a contract for 
the guidance system of the planned mo- 
bile mid-range ballistic missile it will 
lose the money it has invested in minia- 
turized computers. Employment at 
Arma is dropping due to the phase-out 
of the Atlas production. 


Tlie Titan 3 program calls for devel- 
opment of an intcgratc-transfer-launch 
complex (ITL), which will pennit it to 
be completely assembled and checked 
out in the assembly area, then moved 
intact to a simplified launch pad. This 
will reduce the time spent on the launch 
pad and consequently the number of 
pads required. 

United Technology Corp. has been 
chosen to negotiate on development of 
the 120 in. five segment solid propellant 
motors, while Aerojet-General will pro- 
vide the liquid fuel motors for the sec- 
ond. third and fourth stages. 

Martin previously had been awarded 
a contract to complete a program defini- 
tion Phase 1 study. Now. in addition 
to the systems integration task, it will be 
responsible for the airframe modifica- 
tions of the Titan 2 core to enable it to 
take the strap-on solid-propellant en- 
gines and the structure for the fourth, 
or top stage. 

Under the present definition. Titan 
3 will have two basic configurations. 
One will be the four stage vehicle with 
the strap-on engines. The other will 
utilize the Titan 2 and upper stages, 
without the 120 in. engines. 

Trading of Martin Marietta stock on 
the New York Stock Exchange Aug. 6 
through 10 was very heavy— 429,467 
shares— but in a very narrow range be- 
tween 20 and 20?. During the week 
after the Russian Vostok launches, but 
prior to the Titan 3 announcement, 
trading rose to 472,500 shares and the 
stock rose to 241, outpacing most other 
aerospace company stocks. 


Lunar Supply Studies 
Sought by 18 Bidders 

Washington — Eighteen companies 
have submitted proposals to conduct 
three-month engineering studies on a 
lunar supply system consisting of two 
hardware items which may become a 
part of the Apollo manned lunar land- 
ing project (AW Aug. 13, p. 30). 

Eleven companies are bidding on the 
spacecraft bus study, and 13 on the pay- 
load study. One of the bus proposals 
is from Ceneral Electric Co., and 
National Aeronautics and Space Ad- 
ministration's legal office is attempting 
to determine whether GE is eligible to 
compete for this study in view of the 
integration and checkout contract it has 
with NASA covering the entire manned 
space flight vehicle program. 

Terms of the integration and check- 
out contract restrict GE to second-tier 
and lower subcontracts in manned 
flight systems, but whether this limita- 
tion includes studies has yet to be 
determined. 

Invitations to bid on the payload 
study went to 28 firms. Spacecraft 
bids went to 24 companies. NASA lias 
emphasized that success of the Apollo 
mission does not depend on developing 
the lunar logistics system, but says such 
a system will increase the value of the 
project. The agency expects to select 
two payload study contractors and a 
single bus study contractor in a month. 

Companies submitting bids on both 
studies were General Dynamics, 
Hughes, Lockheed, Martin, North 
American Aviation and Northrop. Bid- 
ding on the payload study were Ford 
Acronutronic, American Machine & 
Foundry. Bcndix. General Motors. 
Grumman. Westinghousc. and Radio 
Corp. of America. Bidding on the bus 
study in addition to GE were Boeing, 
Douglas, Space Technology Laborator- 
ies and United Aircraft Corp. 
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Navy Studies Management Reorganization 


By Katherine Jolmscn 

Washington— Congressional circles ex- 
pect a major reorganization of the man- 
agement of Navy's weapons research, 
development and procurement next 
vear, along the lines of Army's new 
Materiel Command and Air Force's 
Systems Command and Logistics Com- 
mand. as an outcome of a comprehen- 
sive Navv management studv launched 
by Secretary of Navv Fred Korth. 

Navy's weapons research and procure- 
ment activities now arc widely decen- 
tralized, with the major activities or- 
ganized under the Bureau of Weapons 
and the Bureau of Ships. 

Details of the top-to-bottom manage- 
ment study were presented last week 
to the House military operations sub- 
committee by James 11. Wakelin. as- 
sistant secretary of the Navy for research 
and development. He told the subcom- 
mittee. headed by Rep. Chet Ilolificld 
(D.-Calif.). that Korth has directed that 
“this review must be comprehensive and 
in sufficient depth to encompass the 
management and interrelationships of 
all major programs directed by the de- 
partment in the fulfillment of the re- 
quirements of the operating forces. . . ." 

The review is under the general direc- 
tion of John II. Dillon, administrative 
assistant to Korth, and is divided into 
six major areas: material management: 
facilities management: financial manage- 
ment; manpower management; plan- 
ning. programing, budgeting, and ap- 
praisal management: and research and 
development management. The mate- 
rial area is under the supervision of 
Rear Adm. R. E. M. Ward, former 
chief of Navy legislative affairs. The 
research and development area is under 
Rear Adm. Rawson Bennett, retired, 
tormer chief of naval research. 

Tire six major studies, together with 
a study of external relationships and 
specific component studies of internal 
organizations, are planned to provide 
“complete coverage" of department 
management processes, Wakelin said. 

The research and development study, 
he said, is department-wide, cutting 
across all organizational lines, and in- 
cludes a separate review of the organi- 
zation and management processes or the 
Office of Naval Research, the research 
and development components of the 
Office of Chief of Naval Operations, and 
Navy bureaus and offices. It includes 
investigation of planning, budgeting, 
funding and reporting, organization and 

i ge :nt, operations and procedures, 
and research and development person- 
nel. Wakelin added. 


Meanwhile, Navy has rejected fur- 
ther use of individual management and 
funding for its high-priority projects, 
Wakelin told the subcommittee. 

Initially used by Navv with notable 
success in its nuclear submarine and 
Polaris programs, individual project 
management is now being used by Air 
Force hi its ma)or programs and has 
been adopted by the Army as the key 
to its new weapons resea rch-dcvclop- 
mcnt-procuremcnt approach. Finn J. 
Larsen, assistant secretary of the Army 
for research and development, told the 
subcommittee earlier that Army has al- 
ready selected 29 projects for individual 
management and funding and that 
eventually 50% of Army’s materiel pro- 
gram will be under this type of man- 
agement (AW Aug. 20, p' 361. 
Weapons Development 

Vice Adm. W, F. Rabom, deputy 
chief of naval operations for develop- 
ment and former project director for 
the Polaris program, who accompanied 
Wakelin. interjected: “May 1 say 1 
admire very much the way the Army ’has 
taken an aggressive approach to the use 
of project offices for their many proj- 

Wakclin said the Navy is taking these 
steps to improve weapons development: 

• Review of each major development 
project on a regularly scheduled basis 
for the secretary of navy. "Each pro- 
gram manager is required to present 
problem areas and to discuss proposed 
courses of action," Wakelin said. “These 
continual reviews will expedite timely 
management decisions at important 
stages in the development program." 

• Increased emphasis on formal detailed 
planning. The research development, 
test, and evaluation program will be 
regularly checked across-the-board for 
elimination of duplication, to take ad- 
vantage of technical advances, and to 
adjust emphasis in programs. 

• Development and operation of pro- 
totypes at in-house laboratories. "The 
desirability of having the scientific and 
technical personnel in our Navy labo- 
ratories deeply involved in the practical 
development and operation of the pro- 
totype systems is evident in terms of 
strengthening the laboratory as well as 
achieving an improved system and the 
requisite training for the Navy opera- 
tors." Wakelin said. 

Navy is now re-examining the mis- 
sions and technical programs of each 
of its 45 laboratories— 38 operated by 
Navy and 7 operated under contract. 

As presented to the subcommittee. 
Navy’s plan for operations research, 
technical direction and systems engi- 
neering by outside specialist organiza- 


tions-vvhile not as extensive— follows 
the general Air Force pattern. 

Navv uses these three organizations: 

• Center of Naval Analyses, recently 
organized by Franklin Institute Labora- 
tories at Navy’s request. All operations 
research for Navy was consolidated in 
CNA last July 1. This included activi- 
ties formerly performed by the Opera- 
tions Evaluation Group of Massachu- 
setts Institute of Technology and the 
Institute of Naval Studies of the Insti- 
tute for Defense Analyses. Its func- 
tions will be comparable to those of 
Rand Corp. for Air Force and Research 
Analysis Corp. for the Army. 

The center will perform analyses of 
immediate and long-range naval war- 
fare problems and, through operations 
research, interpret advances in science 
and technology in terms of naval hard- 
ware. vveapons systems. long-range logis- 
tics and long-range strategic planning. 

• Applied Physics Laboratory of Johns 
Hopkins University, which performs 
$40 million a year worth of systems de- 
sign and engineering for Navy. APL’s 
main projects are: typhon anti-air war- 
fare system, which reflects 40% of its 
total effort: satellite navigation system, 
about 25% of total effort; Polaris strate- 
gic missile system, about 16%: and 
Terrier, Talos. and Tartar anti-air war- 
fare missiles, about 15%. 

Transit Navigation 

APL initiated development of the 
Transit satellite navigation system, 
which was subsequently sponsored by 
Advanced Research Projects Agency 
and now by Navy. APL monitors Navy 
contractors and has had as many as 30 
representatives at one time in a plant. 

• Silver Spring Laboratory of Vitro 
Corp.. which performs about S30 mil- 

gins its participation as systems engi- 
neering coordinator in Navy programs 
as projects advance from the develop- 
ment stage into production. It is now 
engineering coordinator for Terrier, 
Talos, Typhon, and Polaris. 

Vitro also is a hardware development 
contractor with Navy in the area of 
underwater technology. Frank B. Jew- 
ett. Vitro president, told the subcom- 
mittee that in this area, the company 
has been involved in the full range of 
weapon systems development from 
concept, systems analysis and evaluation 
through hardware development to pro- 
totype fabrication, field testing and 
small-quantitv production. 

The functions of APL and Vitro arc 
comparable to those of Space Tech- 
nology Laboratories and Aerospace 
Corp. for Air Force. Army performs 
its systems engineering in-house. 
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MA-7 Proves Scientific Observer Value 


Houston, Tex.-Sccond Mercury or- 
bital flight is being evaluated by Na- 
tional Aeronautics and Space Adminis- 
tration as adding a new dimension to 
man’s value in space— that of a highly 
effective scientific observer. 

Growing indications of government 
and industry interest in the Mercury 
spacecraft as a scientific laboratory also 
was in evidence at NASA’s report at the 
Manned Spacecraft Center here on Lt. 
Cdr. M. Scott Carpenter’s MA-7 three 
orbit flight May 24. 

The Center has set up a nine mem- 
ber Mercury Scientific Experiment 
Panel to sift what is termed an increas- 
ing number of requests, not only from 
within NASA, but also from industry 
and universities for experiments they 
want carried on Mercury missions. 

Experiment panel is composed of 
Lewis R. Fisher, chairman, Mercury 
project office, John H. Boynton. Mer- 
cury project office. Karl F. Grcil. Mer- 
cuty project technical adviser, Paul R. 
Spencer, systems evaluation and devel- 
opment division, office of assistant di- 
rector, research and development. Dr. 
Robert B. Voas. technical assistant to 
MSC director on human factors, War- 
ren Gillespie, space physics division, of- 
fice of research and development, Frank 
W. Casey, Jr., spacecraft research divi- 
sion, office of research and develop- 
ment, Arthur M. Busch, preflight opera- 
tions division. MSC (Cape Canaveral) 
and John Hodge, flight operations divi- 


Final Decision 

Final decision on which experiments 
are to be included is generally withheld 
until very close to flight date, with 
sponsors asked to fund their share of the 
program until go or no-go decision time 
by the panel. Astronauts are repre- 
sented on the panel to ensure that ex- 
periment workload does not compromise 
operational safety aspects of the mis- 

Specific examples of Carpenter’s sci- 
entific observation capabilities were 
described by John A. O’Keefe, assistant 
chief of the theoretical division at God- 
dard Space Flight Center. The astro- 
naut showed a great deal of skill and 
presence of mind in making measure- 
ments of the luminous layer at the 
horizon, O’Keefe said. This phenom- 
ena, reported by Col. John Gienn fol- 
lowing his MA-6 flight, had been con- 
sidered by scientists to be the result of a 
reflection of the horizon between the 
spacecraft’s window layers. Glenn dis- 
agreed with this explanation. 

Carpenter's observations made pos- 
sible identification of three physical 
characteristics of this airglow layer: 


wavelength, brightness and height. 
Considered particularly ingenious was 
Carpenter's development of evidence of 
height-by making a direct estimate of 
from 8-10 deg., by noting the luminous 
layer is approximately twice the height 
of the twilight layer, by observing the 
star Phecda as it passed the middle of 
the luminous band, by noting the time 
when the star was halfway from the 
luminous band to the horizon, and by 
noting that when the cross of a reticle 
scribed in the spacecraft window is set 
diagonally, the horizontal bar just covers 
the distance from the band to the hori- 

Carpenter was also credited with irn- 

E revising the decisive experiment of 
itting the walls of his spacecraft with 
his hand. The appearance of large num- 
bers of particles provided some clue to 
the Glenn Effect— at least indicating 
that those observed in the MA-7 flight 
were the result of something emanating 
from the spacecraft. O’Keefe believes 
the snowflake-like phenomenon is the 
result of condensation of steam from 
the life support system, probably occur- 
ring in the space between the heat 
shield and large pressure bulkhead, 
escaping into space through the ports, 
driven outward by the expanding vapor. 

The astronaut noted that the horizon 
provided a good roll and pitch reference 
as long as it was visible through the 
window, but yaw reference was a prob- 
lem. The best reference was obtained 
by pitching down 40 deg. to 70 deg. 
and looking through the window, The 
periscope also provided another good 
reference at nearly any attitude. Tire 
zero-pitch mark on the periscope was 
valuable as well for aligning the gvros. 
At night, yaw attitude is difficult to 
determine, he said, the best reference 
being a known star on the spacecraft’s 
orbital path. 

MA-7 achieved a total of 1 hr. 17 
min. drift flight, of which 1 hr. 6 min. 
during the final orbit were continuous, 
primarily aimed at conserving fuel. 
Spacecraft attitude drift rates of 0.5 
deg./sec. or less were generally typical 
of this drift period and Carpenter re- 
ported that drift flight was not disturb- 
ing and that he was not concerned 
when external references were tempo- 
rarily unavailable. This indicated that 
drift flight, in addition to conserving 
fuel, will be valuable because it will 
permit an astronaut to accomplish a 
number of useful activities and experi- 
ments without concern to spacecraft 
orientation. 

Other highlights of the presentations: 
• Only 1.6 lb. of control fuel were used 
by Carpenter in manually performing 
turnaround of the MA-7 after separation 


of spacecraft from the launch vehicle. 
This compared with more than 4 lb. 
of fuel used in past flight experience 
using the automatic control system for 
this maneuver. 

• Although ground communications 

network performance for MA-7 was con- 
sidered generally better than for MA-6, 
ground-to-spacecraft HF and UHF com- 
munications were considered slightly in- 
ferior to MA-6. The signal level on the 
earlier mission was two to five times 
greater than for MA-7. 

• Astronaut’s difficulty' in maintaining 

B ier water flow setting for his suit 
ing system was due primarily to a 
50-min. lag in the cooling system in 
response to a change in the valve set- 
ting. 

• Pitch horizon scanner circuit error, 
believed introduced during the launch, 
introduced a bias of some 20 deg. in 
comparing horizon scanner outputs in 
the automatic stabilization control sys- 
tem to spacecraft attitude. This resulted 
in failure of ASCS to maintain proper 
attitude when engaged by Carpenter 
over Hawaii in preparation for retrofire 
and the re-entry phase. 

Rapid Pile-up 

An indication of how occupation 
with scientific studies overtook the as- 
tronaut near the end of the flight re- 
sulting in rapid pile-up of tasks in brief 
remaining period is seen in resume of 
pilot performance. Resume notes that 
Carpenter had begun observing and 
photographing the space particles some 
1 1 min. prior to retrofire, which delayed 
him in completing storage of on-board 
equipment and accomplishing the pre- 
retroscquence check list. A few minutes 
later, he engaged the manual system 
as back-up to the automatic system, 
then switched spacecraft control to the 
ASCS and almost immediately reported 
the discrepancy between indicated at- 
titudes and those observed through the 
window. He then had five minutes re- 
maining to analyze the ASCS failure 
problem and re-check his manual con- 
trol mode. About 30 sec. before retro- 
fire, he again checked the ASCS 
orientation mode and MA-7 went to 
excessively low-pitch attitude, so Car- 
penter quickly switched from automatic 
to fly-by-wire mode and manually re- 
aligned the spacecraft. 

While making the switch in control 
systems, he inadvertently failed to dis- 
able the manual proportional system 
and thus used double-authority control 
during retrofire. rapidly depleting con- 
trol fuel. He thus had some 15% of 
automatic system fuel to last out the 
10 min. to 0.05g and to control the 
re-entry. 
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U.S. Atom Test Blamed for Yostok Delay 


Washington-Soviet Russia has pro- 
tested that the new belt of radiation 
caused by the U. S. high-altitude nuclear 
detonation last July 9 delayed the flights 
of Vostoks 3 and 4, but the U. S. main- 
tains that the test produced no hazards 
to manned space flight. 

The new belt is between the earth 
and the inner zone of the Van Allen 
belt, but is well above the trajectory 
planned for the Mercury flight of Cdr. 
Walter M. Schirra next month. Effects 
from the test are not expected to delay 
this launch. 

The U. S. test over Johnston Island 
was made at an altitude of about 200 
mi. The explosion was in the two-mega- 
ton yield class. The density of the lower 
edge of the Van Allen belt was increased 
by injection of high energy electrons 
immediately after the detonation. New 
lower limit of radiation is ragged. It 
begins at an altitude of about 200 mi. 
over the mid-latitudes 'in the southern 
hemisphere, and at an altitude of about 
500 mi. over the equator. 

The peak is believed to be at an alti- 


tude of 800 mi., where the flux is about 
1.5 million electron volts (mev.). Inner 
zone of the belt is normally dominated 
by high-energy protons with fluxes 
greater than 30 mev.. which peak at 700 
mev. at an altitude of about 6,300 mi. 

Dr. James A. Van Allen of the State 
University of Iowa, for whom the region 
of trapped radiation was named, con- 
firmed last week that the existence of 
the new zone was known immediately 
after the detonation. On Aug. 21. dur- 
ing a Vostok 3 and 4 news conference, 
Mstislav V. Keldysh, president of the 
USSR Academy of Sciences, said: "It 
was impossible to send a man into space 
for a long time after the American ex- 
plosion. At present, too. it is impossible 
to send a man into higher orbits in 
space. Our scientists and our cosmo- 
nauts believe that a disservice was ren- 
dered to space research by America’s 
high-altitude explosion.” he said. 

Soviet Russia detonated a nuclear de- 
vice with a yield of several megatons 
Aug. 20 and another Aug. 22. 

These atmospheric tests by the Rus- 


sians were not reported in the USSR. 

Radiation monitoring instruments, 
probably Geiger tubes and scintillation 
counters, were carried aboard both Vos- 
toks, and the Soviet cosmonauts had in- 
dividual radiation detectors, Moscow 
said. In addition, the spacecraft carried 
bio-packs consisting of bacteria, fruit 
flies, chlorella. seeds and other biological 
specimens, with radiation detectors, 
Moscow said. 

However, Soviet Russia gave no indi- 
cation of concern over the effects of the 
July 9 test until after the presence of 
the new zone of trapped radiation was 
reported in the U.S. On Aug. 12, the 
day after the Vostok 3 launch. Russia 
officially requested that the U.S. halt 
nuclear testing while its manned flights 
were under way. The request was re- 
garded as transparent propaganda, since 
Russia was aware that the Thor launch 
stand used for U.S. high-altitude tests 
had been damaged (AW Aug. 6, p. 35) 
and could not be used for 6-8 weeks. 
Russia apparently was satisfied from 
measurements returned by Cosmos 7 
that the orbital paths planned for Vos- 
toks 3 and 4 were safe. 

Cosmos 7 was launched on July 28. 
19 days after the test, at an inclination 
of 64.95 deg. to the equator. Apogee 
was 219 mi. and perigee was 126 mi. 
Apogee of Vostok 3 was 122.5 mi. and 
apogee of Vostok 4 was 1 29 mi. 

Project Mercury 

Concern over the effects of high-alti- 
tude nuclear explosions on manned 
flight plans has been expressed by the 
Project Mercury support force. But it 
centered on the'delav that unannounced 
Soviet tests might cause if one occurred 
during a Mercury countdown and af- 
fected communications. In a joint De- 
fense Department-Atomic Energy Com- 
mission statement last week, the U.S. 
took the position that the new belt pre- 
sents no hazard on earth, in the atmos- 
phere or to manned space flight— the 
latter because the new radiation is above 
the path of current manned flights. 

Van Allen said, however, that the 
new zone is a potential hazard for 
manned flight. Defense Department, 
AEC and the National Aeronautics and 
Space Administration are making what 
they call a detailed study to detennine 
any possible hazards. 

Nature of the studies was not ex- 
plained but they probably will consist of 
the assessment of data from satellites 
which pass through the zone and from 
radio telescopes able to determine the 
existence of high-energy particles. Data 
taken from radio telescopes since the 
test indicate fairly rapid particle decay. 

Greatest hazard to manned flight is 
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believed by Van Allen to be in X-ray 
emissions, which cannot be detected 
from the ground. 

NASA is confident that the shielding 
provided by the Mercury capsule struc- 
ture and pressure suit is sufficient to 
afford the astronaut protection during 
his flight. 

Van Allen forecast last May 28 that 
nuclear detonation in the upper at- 
mosphere would disrupt the inner zone 
of trapped radiation and cause a pertur- 
bation in the earth’s magnetic field. As 
spokesman for a presidential advisory 
committee formed to review effects of 
high-altitude tests on natural radiation, 
Van Allen said any effects will be short- 
lived. 

Tire Argus high-altitude nuclear ex- 
periments in mid-1958 proved that the 
earth's magnetic field is sufficiently 
strong to trap electrons and protons 
released from nuclear detonations. 

Force field at an altitude of 200 mi. 
over the mid-latitudes in the southern 
hemisphere varies between 39,000 and 
52,000 gammas, about 86% of that on 
the surface of the earth. At the equator, 
the force field is 20,000 to 30,000 gam- 
mas, about 70% of the field on the 
earth’s surface. 

Solar cells on several U.S. satellites 
showed some degradation after they flew 
through the new high-densitv radiation 
zone. Telstar was affected but is still 
operating satisfactorily. 

Joint U. S.-British Ariel satellite was 
silent for a brief period, but has re- 
turned to satisfactory' operation. 

Solar cells on Navv’s Transit 4 and 
TRAAC satellites also were affected. 




Six-Engine Saturn S-4 Undergoes Initial Firing 

First fulhscalc firing of clustered liquid-hydrogen liquid-oxygen engines of Saturn S-4 
occurred recently at Douglas Aircraft Co.’s Sacramento facility. Douglas Missile and 
Space Systems Division is the prime contractor for the S-d which is the second stage of 
the C-l rocket. Firing demonstrated feasibility of the S-4 advanced propulsion system. Six 
Pratt & Whitney RL-10 engines produce a total thrust of 90,000 lb. 


Rolls Running Wind Tunnel Tests 
On RB. 175-Powered VTOL Model 


London— Rolls-Royce is running wind 
tunnel tests on a VTOL transport 
model designed to use the company's 
front-fail RB.175 purc-lift engine, a de- 
velopment of the RB.162 which powers 
the Dassault Mirage 3V VTOL strike 
fighter (AW Aug. 6. p. 81). 

The transport is an entry in the 
NATO NMBR-4 tactical transport com- 
petition. Powerplant configuration prob- 
ably is a mixture of the RB.175 purc- 
lift engines packaged on the wings, and 
operating in tandem noth vectored 
thnist propulsion jets. 

First Stage 

The RB.175 uses RB.162 as a gas 
generator first stage. Fan engine work 
at Rolls, done under Ministry' of Avia- 
tion contract, is aimed at sound sup- 
pression. due to larger mass flow pro- 
sided by the front fan. and tests have 
been tinder way for some time with a 
unit designated the RB.144. Ducting 
in the RB.175 also would include cham- 
bers for further sound suppression. 

Rolls' chief competitor in the VTOL 
powerplant field, Bristol Siddeley, has 
been negotiating with Pratt &• Whitney 
for license rights to its BS.53 Pegasus 
family of vectored thrust engines. The 
company also is developing the BS.59. 


a purc-lift engine aimed at the 8,000-lb.- 
thrust class. 

Adrian L. Lombard. Rolls director of 
engineering, said the RB.162. designed 
fora 16:1 thrust/weight ratio, probably 
will be brought to a 20:1 ratio even- 
tually. 

Plastics Used 

The engine uses glass-fiber-reinforced 
plastics extensively in about half its 
bulk. Plastic components include half 
of the casing around the cold section 
and inlet guide vanes and dome. The 
turbine wheel is made of titanium. 

Engine pressure ratio is 4:1 and de- 
sign thrust is 4.400 lb. Rolls has com- 
pleted 500 starts and runs the engine 
for 5 min. on bench testing, although 
operational use will be on the order of 
30 sec. The single-stage, single-shaft 
engine has been kept as simple as pos- 
sible. 

For instance, installation time is 
only 15 min. with connections needed 
only at mounting points, the bleed air 
inlet and the instrumentation plug-in. 

The oil system, which provides a 
squirt on each of the two bearings at 
start-up, is designed from a turbopump 
system built for English Electric Light- 
ning fighter afterburner system. 
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U.S. to Increase Military Space Funds 


By George C. Wilson 

Washington - Kennedy Administra- 
tion will enlarge the military's space 
role in Fiscal 1964 in the hope or re- 
ducing the lead that Soviet Russia 
dramatized with the orbital flight and 
rendezvous of Vostoks 3 and 4. 

President Kennedy, Secretary of De- 
fense Robert S. McNamara and other 
Administration officials are stressing 
that the increases for military' space ac- 
tivities planned for the budget to be 
requested from Congress next January 
were not prompted by the Russian 
achievement but are part of the con- 
tinuing effort to win the space race. 

But it is admitted privately within 
the Administration that the Vostok 
flights are helping to overcome the argu- 
ments against a substantially enlarged 
military space program. As one Admin- 
istration official put it: "The Vostoks 
are breaking the complacency of people 
like Dr. Harold Brown." director of De- 
fense Research and Engineering, who 
steadfastly has maintained that there 
currently are no demonstrable, unmet 
military requirements in space. 

Significantly, McNamara early last 
week asked tlie Air Force for its pro- 
gram for space— a request which caught 
that service by surprise. Air Force of- 
ficials did not have a comprehensive, 
agreed-upon program prepared, but 
rushed to draft one for McNamara’s 
consideration. 

Outside the Kennedy Administration, 
the Vostok flights are bringing demands 
for a revamped national space program 
featuring a larger military role. Sen. 
Alexander Wiley (R.-Wis.)’, ranking Re- 
publican on both the Senate Aero- 
nautical and Space Sciences and the 
Foreign Relations committees, is asking 
for special congressional hearings be- 
cause “the Soviet success in orbiting 
Vostok 3 and 4 raises new questions 
about the military dangers to free world 
security." 

The Vostok flights also brought at 
least one charge that the nation was 
suffering from ultra-conservative leader- 
ship within the National Aeronautics 
and Space Administration. Robert C. 
Truax, advanced development director 
at Aerojet-General Corp.’s Liquid 
Rocket Plant at Sacramento, Calif., and 
a former Defense Department official, 
made this statement before the House 
space committee. "We have got to take 
bigger steps," he said in criticizing the 
NASA program. 

Sen. Thomas J. Dodd (D.-Conn.), a 
member of the Senate space committee, 
late last week joined Sens. Howard W. 
Cannon (D.-Nev.) and Barry Goldwater 
(R.-Ariz.) in demanding a larger space 
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role for the military. He said the nation 
cannot rely exclusively on NASA’s 
manned space flight program, and said 
the Defense Department should under- 
take one of its own. 

Chairman Robert S. Kerr (D.-Okla.) 
of the Senate space committee and 
Cbainnan George P. Miller (D.-Calif.) 
of the House space committee tried to 
still these and other fears expressed 
about the national space program by 
declaring that the U.S. was on a sensi- 
ble course and should stick to it. 

Rep. Miller is preparing a speech 
along this line for delivers' soon. He 
said right after the Vostok flights: "I 
am not panicked by what was done . . . 
I don’t think that this indicates any 
great breakthrough." He did tell 
Aviation Week, however, that the 
Vostok flights did demonstrate that the 
U. S. was behind in bioastronautics-the 
science of keeping men alive in space 
for extended periods. 

As the week drew to a close, it was 
clear that the question of the military’s 
proper role in space was being discussed 
more heatedly than at any time since 
President Kennedy took office. One 
ironic twist is that the Kennedy Ad- 
ministration has clamped such a tight 
secrecy lid on military space activities 
that it may have difficulty rebutting 
charges that too little is being done in 
that field. 

The major reactions to the Vostok 
flights: 

• President Kennedy. “We are second 
to the Soviet Union in long-range 
boosters,” he said at his Aug. 22 press 
conference. "1 have said from the be- 
ginning we started late. We have been 
behind. It is a tremendous job to build 
a booster of the size that the Soviet 
Union is talking about, and also have 
it much larger size, which we arc pres- 
ently engaged in the Saturn program. 
So we are behind and we are going 
to be behind for a while. But 1 believe 
before the end of this decade is out, 
the United States will be ahead. 

"But it is costing us a tremendous 
amount of money. We arc presently 
making a tremendous effort in research 
and development. But we just might 
as well realize that when we started 
late-last year as you know— we made 
a decision to go to the moon, with 
bipartisan support, and it is going to 
take us quite a while to catch up with 
a very advanced program which the 
Soviets are directing, and there is no 
indication the Soviets arc going to quit 
... So anybody who attempts to sug- 
gest that we arc not behind misleads 
the American people. We are well be- 
hind, but we are making a tremendous 
effort.’’ 


Asked if the space program should 
be expanded to proceed on a crash 
basis, the President did not answer 
directly but indicated he felt this would 
be too costly. He noted that NASA 
was already building a large booster and 
that other efforts arc currently concen- 
trated on guidance and navigation 
systems. 

"The fact of the matter is that 40% 
of the R&D funds in this country arc 
being spent for space," the President 
said, "and that is a tremendous amount 
of money and a tremendous concentra- 
tion of our scientific effort . . . There 
is a great interrelationship between 
space— military— and the peaceful use of 
space. But we are concentrating on the 
peaceful use of space, which will also 
help us protect our security if that be- 
comes essential.” 

Asked if he planned any change in 
the division of funding between NASA 
and the Defense Department, he said 
Defense was considering "whether 
there are further steps that might be 
taken to protect our security. But 1 
want to emphasize that the distinction 
[between civilian and military space 
spending] which is made by some docs 
not seem to me to be wholly applicable. 
The important things at the present 
time, as 1 said, arc the size of the 
booster and the size of the satellite 
and the navigational control. Now, 
those are carried on by both the De- 
fense Dqjartment and by NASA, but 
of course the infonnation is interrelated 
and also whatever skills we acquire in 
those three areas are interrelated and 

Asked if he raw any military signifi- 
cance in the Vostok flights, the Presi- 
dent said: “Well of course. We are 
not quite clear as to what the military 
significance will be because at the pres- 
ent time it is possible to send a missile 
from one country to another with a 
warhead, and with a great degree of ac- 
curacy. But it is very possible that there 
will develop military significance, and 
it is for that reason that the military 
program is being carried on at SI. 5 
billion. And there is also of course the 
benefits we get train toe civilian .pace 
program which we arc spending many 
billions of dollars on in these three 
areas, which can tic in, if necessary, 
into the military field.” 

• Secretary McNamara. He said Aug. 21 
that "the recent launching of the cos- 
monauts does not by itself cause us to 
change our Fis. 1 1964 program. The 
Fiscal 1964 program when initially dc- 
velo, d a year ago, and as it will be 
changed before it is presented to Con- 
gress, took account of the fact that the 
Soviets were substantially ahead of us 
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in certain aspects, particularly the large 
booster capability." 

In a subsequent television interview, 
McNamara said no additional space 
projects would be added to the Fiscal 
1963 military budget, “but we do need 
some for Fiscal 1964 ... By that time 
we will have learned enough to add new 
projects.” 

McNamara called the Fiscal 1963 
military space budget of SI. 5 billion 
"a very substantial amount of money” 
which is about triple the Fiscal 1960 
and double the Fiscal 1961 budget fig- 
ures. Ever since President Kennedy 
last year asked for supplemental mili- 
tary space funds for Fiscal 1962. “we 
have been working on an accelerated 
militaiy space program." he said. 

Asked about the military implica- 
tions of the Vostok flights. McNamara 
said the Soviets used "boosters with 
capacities far in excess of those which 
we have at the present time. And I 
think it has been known for some time 
that they had that capability. And it 
is an important capability . . . Their 
thrust is far larger than ours and it is 
to correct this deficiency in our launch 
vehicle program that we have carried 
out the series of projects that culmi- 
nated in yesterday’s announcement of 
the placement of the initial contracts 
on Titan 3 ... I think they [the Rus- 
sians] have demonstrated sophisticated 
guidance and control capability-, which 
we assumed previously they' bad and 
which was not therefore new informa- 
tion to us. I think rve aren’t able to 
match the Soviet feat until rvc have 
larger and different types of boosters 
and it’s for that purpose that we are 
designing the advance booster family of 
which Titan 3 is one illustration." 

IL S. Missiles 

As for fears over the possibility that 
Russian space ships could confuse the 
guidance system of U. S. missiles, Mc- 
Namara said: "The history- of tech- 
nology’ in technical and scientific de- 
velopment is that the inconceivable 
becomes the conceivable at a later time. 
Therefore. I don’t want to say cate- 
gorically that any particular scientific 
or technological development is im- 
possible. 

"But I sec no immediate possibility 
of the Soviets being able in any way 
to restrict the performance of our mis- 
sile systems. Quite the contrarv. We 
have very carefully and very' recently- 
reviewed this, and yve think our com- 
mand and control of those yveapons and 
the procedures and systems associated 
with the command and control are in- 
vulnerable.” 

• Sen. Dodd. He said in a speech pre- 
pared for delivery Aug. 24 that the 
U. S. should “at the earliest possible 
date” build a manned space laboratory 
for testing yveapons and develop 


manned military space vehicles which 
“hold the key to ultimate supremacy 
in space.” He said the armed services 
as yvell as NASA should be given the 
vehicles, developed by the space agency’. 
He recommended further that repre- 
sentatives of the armed services sit in 
as advisers during meetings of the Na- 
tional Aeronautics and Space Council. 
The Secretary- of Defense is a member 
of the council. 

• Truax. a fonner Navy pilot yvlro 
served as military- staff assistant to the 
head of Defense’s Advanced Research 
Projects Agency, said NASA’s leaders 
are not taking big enough steps. For 
example, he said the space program 
yy-ould have been farther along if the 
initial manned flight had been designed 
to orbit a capsule containing two astro- 
nauts and boosted by an Atlas-Agcna. 


If yve had "gone for the big step, 
looked a little farther doyvnstream, yve 
could have done many things such as 
rendezvous, getting out of the capsule, 
things which rvould give us a larger 
range capability and would contribute 
more to a really full capability in space,” 
Truax said. 

• Dr. Arthur Kantrowitz, director of the 
Avco-Evcrett Research Laboratory. He 
said last week before the National 
Rocket Club that "the elaboration of 
space technology- will lead to nerv de- 
cisive yveapons and the most likely rvav 
in rvhich the ICBM stalemate will 
finally be broken is by space-based yvea- 
pons. If yve yvait until it is demon- 
strated that a yveapon can be space 
based it will be too late. Those who 
make the claim of demonstration must 
eventually hear the blame.” 



SOVIET DRAWING in Pravda bv "one at the scene” purportedly is Vostok 3 (right) and 4. 
Capsules have circular section similar to that on niockup at Tushino (AW July 17, 1961, 
P- 30). but appear to have two hatches or ports instead of the one on the mocknp. Booster 
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U.S., Soviets Disagree on Rendezvous 


Significance of the latest Soviet 
manned space flights deepened last 
week when Russia claimed that Vos- 
toks 5 and 4 came within 3.1 mi. of 
each other— a distance that contrasted 
sharply with the official public stand 
taken by the U. S. that the two space- 
craft were never closer than 75-100 mi. 

Defense Department would not make 
public any figure of the minimum dis- 
tance between the two Vostoks by late 
last week. 

U. S. had evidence shortly after the 
launch of Vostok 4 that the two space- 
craft rendezvoused and docked, but 
after considerable discussion decided 
not to make this information public 
(AW Aug. 20, p. 26). 

The only U.S. agency which has 
made a public statement on the dis- 
tance between the two Vostoks is the 
National Aeronautics and Space Ad- 
ministration, which does not track 
foreign satellites but depends on in- 
formation supplied by the Air Force for 
comments it makes regarding orbital 
elements of these flights. NASA said 
the two Vostoks were never closer than 
75 mi., and added that a better esti- 
mate is 100 mi. The agency maintained 
this position late last week, despite the 
Soviet claim of Aug. 21 and the earlier 
information on the docking. 

Defense Secretary Robert S. Mc- 
Namara said last week he has "no 
information that would lead me to 
believe that they rendezvoused and 
docked.” Asked to comment on the 
discrepancy between the Russian state- 
ment and the official U.S. position. 
McNamara said: "1 personally haven’t 
seen the final results of the analysis of 
tracking data and therefore I can’t 
speak authoritatively on it. But I did 
talk to the Air Force this morning 
[Aug. 21] in connection with some 
other matters. Do we have any indi- 
cation— is there any evidence at all that 


Vostok 3 Weight 



loads, which lends credence to the belief 
that the Vostok 3 spacecraft was larger 

Vostok 3 at a news conference in Mas- 

Vostok l ‘ weighed 10,434 lb., and 
Federation Aeronautique Internationale 
will consider only those claims which arc 
at least 10% greater than existing records. 
This means that Vostok 3 would have 
to have had an orbital weight of 11,477.4 
lb. for the claim to be made, whether it 


they rendezvoused and/or docked? And 
the answer definitely was, No. I can- 
not, however, answer your question as 
to the specific minimum interval be- 
tween them in terms of miles.” 

Sir Bernard Lovell of Jodrell Bank 
Observatory in Great Britain said he 
cannot determine point of closest ap- 
proach of the Vostoks because the two 
spacecraft on Aug. 12 “were too close 
for us [the Jodrell Bank antenna] to 
separate, that is. the separation was 
only a few miles at most. If a rendez- 
vous took place," he said, “it was proba- 
bly during the first few orbits after the 
[Vostok 4] launching.” 

He said Jodrell Bank obtained a 
voice recording of Lt. Col. Pavel Popo- 
vich, pilot of Vostok 4. early in his 
flight in which lie stated “that he was 
turning and maneuvering his space 
ship. From our contacts on Aug. 13,” 
Lovell said, "the spaceships were mov- 
ing apart in accordance with their dif- 
fering orbital paths." 

One tracking plot obtained in the 
U. S. indicates the point of closest ap- 
proach was about 3 mi., the same re- 
ported by the Russians. The plot did 
not indicate maneuvering. During the 
joint flight, the plot was confused by 
interference that later was attributed 
to the decaying orbit of the spent vehi- 
cle used to launch Vostok 3. 

In Moscow, meanwhile, the Vostok 
cosmonauts maintained the usual So- 
viet pattern of declining to respond to 
questions on details of their flights, 
spacecraft or launch vehicles. They sup- 
plied this new information at a series 
of public appearances that included a 
four-hour press conference at Moscow 
University: 

• Rendezvous: Maj. Andrian Nikolayev, 
pilot of Vostok 3. said "... Vostok 
4 spaceship, piloted by my friend, ap- 
peared on the orbit next to my space- 
ship. We immediately established two- 
way radio communications. ...” Lt. 
Col. Popovich, the Vostok 4 pilot, said 
Vostok 3 looked to him “like a small 
moon." Nikolayev said the flight 
program did not provide for bringing 
the spacecraft closer together, but he 
commented “we were ready to shake 
each other’s hand." 

• Landing: Accomplished by personal 
parachutes in a technique similar to that 
used by Maj. Gherman Titov in Vostok 
2. Russia had said earlier that both 
Nikolayev and Popovich came down in 
their spacecraft, but the cosmonauts 
revealed that they parachuted to earth 
about 124 mi. apart near Karaganda. 

• Launch vehicle and spacecraft: No 
information was provided about launch 
vehicles. Mstislav Keldysh, president of 
the USSR Academy of Sciences, said 


rockets arc necessary for defense and 
are therefore considered secret. Space- 
craft were only vaguely described as 
similar to Vostoks T and 2, weighing 
about five tons (see box below). They 
were said to be more advanced and 
more comfortable than the earlier craft. 

There is a belief that Russia used an 
improved version of its earlier launch 
vehicle for Vostoks 3 and 4, and that 
this version was man-rated on the first 
seven Cosmos satellite launchings. Rus- 
sia has always provided satellite weight 
figures at the time of launch until the 
Cosmos series began last Mar. 16. No 
weight for Vostoks 3 and 4 was given 
until a week after the manned missions 
was completed. Figure of five metric 
tons would be about the same as the 
weights of Vostoks 1 and 2, which were 
10.434 and 10.40S lb. respectively. 

• Medical and biological findings: No 
pathological changes discovered. No 
nystagmus, or involuntary eye move- 
ment associated with vertigo. Pulse and 
respiration figures were reported as: 
Nikolayev. 70-75 bcats/min. and 10-12 
breaths/min. four hours before flight. 
Popovich figures were 78-82 pulse and 
14-16 breathing rates. 

Five minutes before flight, Nikola- 
vev’s pulse had risen to 1 1 5 and breath 
rate was 12. Popovich recorded pulse 
rate of 1 10 and breath rate of 28. 

During launch and boost, Nikola- 
yev’s pulse ranged between 105-120 and 
breathing was 1 0: Popovich’s pulse fre- 
quency was 105-130 and his breathing 
had dropped to 10. 

During orbital flight, pulses of both 
stabilized at a rate of 60-70, and their 
breath rates at 10-15. 

In a Pravda article Aug. 20. A. A. 
Genin and O. O. Gazenko. identified 
as doctors of biological sciences, said 



AVIATION 


SPACE TECHNOLOGY, 


most of the medical research program 
was devoted to studying the cosmonauts’ 
ability to work by comparing condi- 
tions, volume and quality of the way 
they' performed in space. 

One of the psychological tests in- 
volved arithmetic exercises with groups 
of figures from their logbooks. They 
were programed to call out geometric 
figures in some cases, read lists of figures 
in horizontal and vertical columns, add, 
subtract, multiply and divide. 

Another test was assessment of the 
vestibular apparatus, which caused se- 
vere illness to Titov during his flight 
(AW May 14, p. 29). Both Nikolayev 
and Popovich deliberated made rapid 
head movements, as did' U. S. Astro- 
nauts Lt. Col. John II. Glenn and Lt. 
Cdr. Scott Carpenter. 

Both Soviet pilots said they did not 
dream while they slept in orbit. Nikola- 
vcv said he awoke three times during 
his first night in space, once on his 
second night and then overslept 10 
min. on his fourth night. 

Nikolayev admitted to momentary 
concern on re-entry, when g-forces ex- 
ceeded six and smoke and flame were 
visible through his port. He described 
the flame as red, orange, yellow, green 
and blue. He said he heard crackling 
of flames from the ablative heat shield 
and felt oscillations during the final 
stages of re-entry. 

During their press conference. Niko- 
layev and Popovich repeatedly stressed 
the theme that their flights were made 
for peaceful, scientific purposes, but 
Soviet Defense Minister Marshal Ro- 
dion Malinovsky said in a message con- 
gratulating the two that their flights 
“should serve as a warning to the ene- 
mies of the Soviet Union. 

Three days after landing. Nikolayev 
and Popovich were brought to Moscow 
for a Red Square celebration. Soviet Air 
Force Dav was celebrated on Aug. 19. 
a clay earlier than it had been scheduled, 
to coincide with their reception. The 
militant Soviet theme continued, with 
the air force chief of staff. Col. Gen. 
Pyotr Braiko serving as spokesman: 

“The Soviet Union." he said, “con- 
tinues leading confidently in develop- 
ment of aviation and cosmonautics, out- 
stripping the strongest capitalistic air 
fora 1 power— the United States.” 

Braiko said Russia holds 228 of 502 
world records in aviation, "while the 
United States holds only 134 records.” 
He said Russia has set 60 new world 
aviation records this year. 

The cosmonauts' news conference 
was opened by Keldysh, who said the 
ground network in the Soviet Union 
permitted communications with the 
pilots at distances in excess of 6,200 mi. 
He added that valuable data has been 
obtained on the propagation of radio 
waves where laws governing such propa- 
gation are not known. 


Cosmonaut Radiation 

Moscow— Onlv traces of radiation were 
received by Maj. Andrian Nikolayev and 
Lt Col. Pavel Popovich during their 
space flights in Vostoks 3 and 4, in spite 
of the Soviet claim that the U. S. had 
contaminated space with lull 9 high alti- 
tude nuclear explosion (see p. 32). Total 
radiation dose during the flights svas 50 
millirad for Nikolayev and 36 millirad for 

ing radiation. U. S S. has calculated that 
transit through the Van Allen radiation 
belts would result in doses of under 6 
rads. Man has survived doses of several 


Prof. Vladimir Yazdovskv summar- 
ized the biological findings, and a 
Ukrainian academician, Ycvginv Babsky 
earlier explained the purpose of the un- 
usual nystagmus experiment. Nikolayev 
apparently was the research subject and 
Popovich the control subject in this ex- 
periment, and silver electrodes were at- 
tached to the comers of Nikolayev’ s 

Photographs released of this pilot 
in flight appeared to be retouched to 
remove the instruments. 

Babsky implied that it has been theo- 
rized that long-term flights will upset 
the vestibular apparatus, and eye move- 
ments are indicators of these changes. 
Both pilots said during the conference 
that they experienced no nausea. 

Comments by Academician Leonid 
Sedov and Prof. Karl Gilzon indicated 
that re-entrv and landing maneuvers of 
the Vostoks arc ground-controlled. 
Sedov said the most difficult task of 
safe satellite recovery had been solved 
". . . thanks to the creation in the USSR 
of a powerful rocket of exceptional re- 
liability and precision of automatic con- 
trol." 

Gilzon said re-entry is assured, no 
matter what the spacecraft attitude. He 
said if retroroekets fail, the Vostoks 
have enough food and life support con- 
sumables to last through a natural de- 
cay. which would occur sometime within 
5-1 2 days. 

Titov’s spacecraft, he said, contained 
supplies sufficient for a 1 2-day flight. 

Soviet news agency Tass said Niko- 
layev will claim records for orbital and 
non-orbital altitude, orbital flight dura- 
tion, orbital and non-orbital distance 
traveled and orbital and non-orbital 
weight (see box, p. 36). Tass did not 
differentiate between Soviet and world 
record claims, however, and it is un- 
likely that the pilot will claim the alti- 
tude mark. Mercury flights of Glenn 
and Carpenter were higher than the 
Vostoks— 160 mi. for Glenn, 164 mi. for 
Carpenter, and 157 mi. for both Niko- 
layev- and Popovich. 


News Digest 


Hughes Aircraft Co. lias won Army 
competition for development of tube- 
launched, opticallv-tracked. wire-guided 
anti-tank assault weapon system. Mar- 
tin Marietta and McDonnell were the 
other two competitors. 

Crash of a London-bound DC S last 
week in Rio dc Janeiro, Brazil, oc- 
curred when the aircraft did not rotate 
during takeoff roll, swerved off a 10,000 
ft. runway at Galeao International Air- 
port and sank in Guanabara Bay. At 
least 13 of the 104 persons aboard were 
killed. Pilot used full reverse thrust in 
attempting to stop the takeoff roll. Air- 
craft had made a hard landing three 
weeks earlier and damaged an engine 
pylon. 

India will build the Russian RD-9 
turbojet engine as powcrplant for the 
Indian 1IF-24 supersonic fighter, De- 
fense Minister Krishna Mcnon told the 
Indian parliament. Manufacture will lie 
carried out at the Hindustan Aircraft 
plant at Bangalore (AW July 23, p. 
24). 

Three Lockheed U-2 reconnaissance 
planes last week began upper altitude 
sampling flights from the Royal Air 
Force station at Upper Ilcyford. The 
planes were flown to Fngland from the 
U.S. Air Force base at Plattsburgh, 
N.Y. 


Litton Industries first LN-3 inertial 
navigation system for the NATO 
F-104G was recently delivered to West 
Germany's Federal Ministry of De- 
fense (AW Aug. 13, p. 92), 

Goddard Space Flight Center has 
awarded S100.000 solar observatory 
study contracts to Ball Brothers. Re- 
public Aviation and Space Technology 
Laboratories. Center also awarded 
SI. 3 million contract to Dahno-Victor 
and Amelco for 10 satellite automatic 
tracking antenna systems, called Satan. 
Norair Co. won a S2 million contract 
to construct a space sciences laboratory 
at Goddard. 

Northrop N-156 fighter has been re- 
designated the F-5A bv USAF. Avia- 
tion Week incorrectly reported that 
the trainer version, the T-38, had been 
given the F-5A designation (Aug. 1 3, 
p. 35). 

George Hcdman, vice president of 
public relations for Scandinavian Air- 
lines Svstem. died last week at the age 
of 60. Hcdman joined the airline when 
it was founded in 1946. 
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AIR TRANSPORT 


Supplemental Face Strict Renewal Policy 


First eight applications rejected for violations; CAB 
dispenses with usual lengthy legal procedures. 

By Robert H. Cook 


Washington— Fewer than half of the supplemental airlines seeking two- 
year extensions of their operating rights under a recent congressional com- 
promise bill are expected to be in operation by the end of Civil Aeronautics 
Board hearings, which must be concluded by early October (AW July 9, p. 30). 

Lengthy legal procedures usually employed by CAB in certificate renewal 
cases have been swept aside by congressional demands that the Board act 
on all individual applications for supplemental authority no later than 90 
days after passage of the bill. 


Supplemental were given a 30-day 
deadline for filing of certificate renewals 
that would permit them to continue 
carrying individually ticketed passengers 
for a two-year period, after which their 
operations would be limited to charter 
flights. 

CAB attorneys, relying primarily on 
a voluminous list of both CAB and 
Federal Aviation Agency violations 
committed in the past bv supplemental, 
last week rejected the first eight appli- 
cations filed and indicated that more 
rejections may be expected. Those re- 
jected within 10 days of their filing, 
primarily on grounds of "flagrant dis- 
regard" of economic and safety regula- 
tions as well as financial incompetence, 
were: United States Overseas Airways. 
Standard Airways, Sourdough Air Trans- 
port, Paramount Airlines, Admiral Air- 
ways, Air Cargo Express, Associated Air 
Transport and Blatz Airlines. Each car- 


rier has 10 days to reply to any opposi- 
tion registered against their applications. 

Trunk airlines arc unanimous in their 
objections to the supplemental appli- 
cations. They contend that it is “un- 
thinkable" that the Board would grant 
certificate approvals to any supple- 
mental that have earned a reputation 
as known regulation violators. They also 
told the Board they are opposed to any 
approval for supplemental that have 
earned and retained a good operations 
reputation on the grounds that many 
of these airlines have now asked per- 
mission to conduct individually ticketed 
flights, although they have not pre- 
viously provided this service. 

If the CAB approves these applica- 
tions on the basis of the carriers' accept- 
able qualifications, the trunks maintain, 
these supplemental should be restricted 
to a limit of only 10 round trips a 
month for individually ticketed pas- 


sengers between any two points. Under 
the present legislation, supplemental: 
approved by the Board will be granted 
temporary authority for this type of 
sendee for 30- to 90-day periods, when- 
ever CAB determines that the scheduled 
airlines can not handle all the passen- 

Another objection voiced by the 
trunks is that several of the supple- 
mental airlines which have been granted 
authority only for domestic operations 
have now filed for either or both domes- 
tic and foreign operating rights. 

Board spokesmen expect some un- 
usually fast CAB action on the supple- 
mental applications, since "we've been 
preparing for this a long time." In an 
obvious reference to the long list of 
supplemental airline violators and the 
Board's frustrating attempts to take 
punitive action against them, one source 
indicated that top preference in approv- 
ing or rejecting the applications will be 
given to the past performance records 
of the carriers. 

Once the acceptable carriers have 
been chosen, they will be required to 
carry' liability insurance, post perform- 
ance bonds and meet stringent mini- 
mum sendee and financial requirements, 
under a new regulation now being 
completed. They also will be subject 
to a civil penalty ranging to $1,000 a 
day for violations of both CAB and 
FAA regulations. Each day the viola- 
tion remains uncorrected will be con- 
sidered a new and separate offense, 
CAB said. 



990s Await Varig-Convair Settlement 


Two of the three Convair 990s built for Varig Airlines of Brazil are shown on the ramp at the General Dynamics plant in San Diego, Calif., 
awaiting settlement of the status of the order. Varig refused to accept the aircraft when delivery was tendered late last year and is con- 
tinuing to refuse delivery on grounds the aircraft do not meet specifications (AW Mar. 19, p. 42). General Dynamics is maintaining the 
validity of the order, originally made by Real Airlines before its acquisition by Varig, and no early settlement is in sight. 
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Anglo-French Supersonic Transport 

Single tailfin will be sharply swept back. Capacity will be 100 passengers. 

Society of British Aircraft Constructors annual displav at Famborough, England. 
British government has not yet allocated development funds, aside from a BAC 
level. ' ^ -PS 

Meanwhile, six new British airplanes will be shown publicly at Famborough. 
Thev are: 

• Vickers VC.10 fonr-jet transport, now undergoing initial test flights toward 
certification. 

• De Havilland Trident thrcc-jct transport, also in flight trials. 

• De Havilland DH-125 executive jet, which recently made its first flight 

• Bristol T.188 stainless steel Mach 3 research plane, designed for use in the super- 
sonic trans|iort program. It will team with the Handles Page HIM IS slim delta 

• Beagle 206Y, an enlarged version of the twin-engine executive plane first flown 

• Beagle 218. another twin produced by the Miles design team which has made 

As another phase of the British interest in joint constniction of a supersonic 
transport, the Ros-al Air Force will fly an Avro Vulcan fitted with a supersonic 
version of the Bristol Siddctcv Olympus' engine. 

Service flying will include flybys' of the Mk. 3 and Mk. 5 English Electric Lightning 
jet fighters, both fitted with de Havilland Red Top infrared missiles, and RAF 74 
Squadron Lightning Acrobatic Team. Hawker Hunters from No. 92 Squadron 
also will do exhibition flying. 

Royal Navy will be represented by Blackburn Buccaneers, and de Havilland Sea 
Vixen fighters. Buccaneer recently entered fleet service. 

Primary interest will be in first public showing of the Hawker P.1127 VTOL strike 
fighter, of which three airplanes now arc in the flight test program for British, United 
States and West Ccrman evaluation. 

In the helicopter display. Westland Wessex and Scout will demonstrate in-flight 
refueling. 


Attorneys for the CAB’s Bureau of 
Economic Regulations cite the past vio- 
lation history of United States Oxer- 
seas Airways as an example of grounds 
on which "they based many rejections 
of other applications. 

Between Jan. 1. 1960 and Jan. 1, 
1962. a total of 91 informal complaints 
were filed with the Bureau of Enforce- 
ment against USOA. The complaints 
involved delayed ticket refunds, mis- 
representation of services provided, un- 
due flight delays, failure to notify 
passengers of flight cancellations, un- 
scheduled stops and the substitution of 
inferior flight equipment for what was 
advertised. The attorneys also said that 
the Military Air Transport Service sus- 
pended its contract with USOA earlier 
this year because the airline failed to 
correct poor maintenance, training and 
service procedures. 

Show Cause Order 

Attorneys representing six major 
trunk carriers also objected to CAB that 
USOA was found unfit to conduct op- 
erations by the Board in a show cause 
order only three months ago. In one 
three-month period in 1939. USOA 
exceeded its 10-trip-a-month limitation 
by a total of 29 flights and FAA records 
extending back 11 years show a long 
list of violations including the over- 
loading of flights and the exceeding of 
monthly flight time limitations for 
pilots, imposed by FAA, the airline 
attorneys said. At one point, the at- 
torneys said, USOA was grounded by 
FAA for an 11-dav period following a 
scries of overloaded flights between 
California and Hawaii. 

FAA, CAB Publish 
Crash Role Agreement 

Washington — Federal Aviation 

last week moved to end their long-stand- 
ing feud over major civil aircraft acci- 
dent investigations by jointly issuing a 
policy guideline that defines the roles 
each will play. 

The statement called for close co- 
operation in the investigation of acci- 
dents but emphasized that the CAB, 
under the Federal Aviation Act of 1958, 
holds the direct, all-inclusive responsi- 
bility for investigating and determining 
the probable cause of civil air accidents. 

On several occasions in the past, 
members of the CAB Bureau of Safety 
have felt that FAA officials had over- 
stepped the bounds of their responsibil- 
ity in actions or public statements re- 
garding accidents. 

Bureau members have been miffed 
oxer specific instances in xvhich FAA 
personnel announced probable causes of 
accidents even before CAB inx’cstiga- 
tions had been launched. 


The joint statement stressed that any 
cooperative arrangement between the 
txx’O agencies must in no way impair the 
ability of the CAB to fulfill the respon- 
sibility granted it by laxv. The an- 
nouncement admitted that in the past, 
there had been confusion in the public 
mind as “to which agency said xx-hat. 
and for what purpose, during the course 
of an accident investigation." 

But it failed to delineate xx'hich agency 
would be responsible for issuing public 
statements in the future. It merely said 
that xx'hen joint statements are made, 
they should be labeled as such, and 
added: 

“On the other hand, in the absence 
of a firm agreement for a joint CAB- 
FAA statement or release of informa- 
tion, extreme caution should be used to 
avoid confusion by clear identification 
of the particular agency releasing a 
statement or information, together with 
an indication of the purpose of such 
release,” 

Other points brought out in the statc- 

• Accident investigations will be under 
the control and direction of a CAB in- 
vestigator-in-charge. xx'ho will prox’ide 
for full and active participation of FAA 


specialists on every investigating team. 

• FAA will appoint a principal represen- 
tatixe xvhn will be on hand throughout 
an investigation. He xvill hold enough 
authority to pennit him to obtain all 
needed FAA personnel, facilities and 
records. CAB xvill make available to the 
FAA through this representatix'e all 
documents, reports and other evidence 
during the investigation. together xvith 
any recommended correctix'e measures. 

• FAA's Washington, D. C., commu- 
nications center xx'ill be operated on a 
24-hr. Irasis to ensure rapid reporting 
of accidents. The center also will pro- 
xidc communication facilities betxvccn 
the sites of accidents and the interested 
CAB and FAA offices. 

• Aircraft assigned to both agencies 
will be used to get FAA and CAB per- 
sonnel to the scene of an accident. The 
statement noted that fast transportation 
of investigating personnel is essential to 
the CAB “in establishing tight federal 
security control oxer the xx'reckage at the 
earliest possible moment.” 

• Effort should be made to integrate 
and extend individual training programs 
of the two agencies. Such programs xvill 
be instituted and conducted under the 
"leadership and guidance” of the CAB. 
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S-61L Stimulates LAA Passenger Traffic 


Los Angeles— Increased capacity of 
the 28-passenger Sikorsky S-61L is 
stimulating intensified passenger pro- 
motion efforts by Los Angeles Airways 
and has resulted in monthly traffic rises 
as high as 73% over comparable 1961 
periods. 

Payload limitations of its S-55 heli- 
copters. and the attendant priority 
given mail, resulted in the carrier turn- 
ing away two passengers for every one 
it accommodated. Now the line is mov- 
ing to recapture some of these passen- 

Capocity Increase 

Capacity has been increased more 
than four times by the introduction of 
the S-61Ls and traffic has climbed ac- 
cordingly. In March, the first month 
of S-61 operation, a 6.5% increase in 
passenger traffic was recorded. This has 
climbed rapidly. Compared with fig- 
ures recorded for the same months last 
year, in April, a 15% increase was re- 
corded; in May, a 58% increase: in 


June, 60% and in July, 8,051 passen- 
gers were carried for a 73% increase. 

The helicopter airline credits the 
traffic increase to another factor besides 
increased capacity: passenger acceptance 
of the new twin turbine-powered air- 
craft. The traffic increase has resulted 
solely from the increased payload of the 
S-61 because fewer flights have been 
flown in 1962 than in a comparable 
period last year. 

No new traffic market has been 
tapped by the S-61 . Rather, the back- 
log of traffic once turned away now is 
being accommodated. Sales Manager 
Robert Hublev reports that the line’s 
passengers still are 94% continuing air- 
line passengers. Fares are too high for 
the service to be practical for com- 
muters except on an occasional basis. 
From San Berdardino/Riversidc, 71 
mi., the fare is S8.00 one way including 
1 0% tax. Lowest fare on the airline is 
S6.00, too much for commuting on any 
sort of daily or regular basis. 

Los Angeles Airways’ largest increase 


in volume has been the run between In- 
ternational Airport and the Anaheim/ 
Disnevland heliport. Five round trips 
are flown daily from 5.55 a.m. to 10.13 
p.m. between these two points. Five 
more round trips are made daily be- 
tween Newport Beach and the airport, 
each leg of which has a stop at Ana- 
hcim/Disneyland. Thus, there are 10 
arrivals and departures between these 
two points daily. The airline stands to 
benefit more from the Anaheim/ Disnev- 
land run than it does from the airport 
to Riverside San Bernardino route. The 
fare is S6.36 for each passenger on the 
29-mi. run between the airport and 
Disnevland and $7.27 for the 71 mi. 
run to Riverside. 

LAA Service Area 
There is apparently no reason to be- 
lieve that Los Angeles Airways will suf- 
fer the same sort of traffic decline 
which has arisen to confront Chicago 
Helicopter Airways. With the virtual 
closing of Chicago’s Midway Airport. 
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CHA lost a great deal of revenue be- 
cause of the decline of inter airport traf- 
fic. No such situation faces the Los 
Angeles carrier because they are build- 
ing intra-Mctropolitan traffic and the 
closing of Burbank or Ontario airports, 
unlikely in any event, would not meas- 
urably affect traffic. The area served by 
Los Angeles Airways embraces 300 cities 
and communities and 7 million people 
living in an area of 5.000 sq. mi. Only a 
minute portion of the potential traffic in 
this rapidly expanding area has been 
tapped and the market is not likely to 

Los Angeles Airways has taken de- 
livers' of four S-61s. Fourth and final 
helicopter was delivered to Los An- 
geles in mid-July. Traffic increases were 
recorded on the basis of utilization of 
two of the three ships in service, and 
with the arrival of the fourth S-61, 
three are used in daily sendee. Through- 
out the period in which the S-61 has 
been operated here, one helicopter has 
been kept out of service for scheduled 
maintenance and training. Throughout 
June and July, 5 hr. 'day utilization was 
scheduled for each aircraft. 

In flight, the S-61 closely approaches 
the smoothness and noise level of a 
small turbine-powered, fixed-wing air- 
craft. The noise and vibration created 
by a piston engine and associated cool- 
ing fan are absent. All that is apparent 
is the rather high-pitched whine of the 
turbine compressors and some trans- 
mission noise. 

Even the familiar vibration of the 
helicopter due to main rotor blade rota- 
tion has been attenuated, resulting in 
much greater comfort. The light, 
decorated cabin resembles an airliner 
cabin more than an austerely furnished 
commuter bus as was the case with 
the older S-55s. 

One case of inflight engine failure 
has occurred since Los Angeles Air- 
ways placed the S-61 into service but 
the occurrence did not result in an 
emergency landing as was the case with 
a New York Airways Vertol 107 which 
made an unscheduled landing in New 
York Harbor, July 16 (AW July 23, p. 
33). A Los Angeles Airways S-61 ex- 


perienced an overtemperature condition 
on one engine during a passenger flight 
and the engine was shut down. The 
remaining engine afforded sufficient 
power to enable the flight to continue 
and the passengers were unaware a 
failure had occurred. 

Daily utilization has been described 
by the helicopter airline as spotty but 
has been as high as 8 hr. Equipment 
Director Fred W. Milam reports that 
airframe performance has been good. 
Some difficulty has been encountered 
with the General Electric CT58-1 1 0 en- 
gines. largely because of service bulletin 
modifications. Since the helicopters 
have been in service, it has been neces- 
sary to replace solid fuel lines with flex 
lines and a recent service bulletin called 
for the replacement of the No. 5 bear- 
ing in all engines. 

Another problem affecting availability 
lias been cracking of engine case cast- 
ings in the turbine section. A day of 
down time on the entire fleet resulted 
in one instance, and another case led to 
an engine inspection made 8 hr. earlier 
than programed. 

Cracking has been caused by vibra- 
tion, and both Sikorsky and General 
Electric are checking engine mounts, 
shafts and components to isolate the 

Major problem the helicopter air- 
line has been contending with is what 
Los Angeles Airways' president. C. M. 
Bclinn, calls fixed-wing thinking on 
the part of regulatory agencies. Civil 
Air Regulations which govern the op- 
eration of helicopters as well as fixed- 
wing aircraft have been patched up to 
fit rotary-wing machines, Bclinn says, 
with the result that helicopters cannot 
operate to their natural advantage. 


One example is the requirement for 
cargo tiedown which, while written to 
fit fixed-wing aircraft, automatically is 
applied to helicopters although the 
same accelerations are not experienced 
in the latter, Bclinn, whose complaints 
on this score are echoed by other op- 
erators and manufacturers, also con- 
tends that the passenger-carrying heli- 
copter should not be required to mount 
the same communications gear carried 
by fixed-wing transports. Dual radios 
should not be required, he contends, 
because his helicopters operate under 
\isual flight rules. 

The line also believes that duplica- 
tion of flight instruments is unnecessary 
in its operation and is at odds with the 
Federal Aviation Agency over these re- 
quirements. The FAA has stated that 
all equipment installed on the aircraft 
which was necessary for the certifica- 
tion program must he in working order 
before it can be dispatched for passen- 
ger flights. This means that virtually 
all the gear carried by the S-61, which 
is certificated for instrument flight, must 
be operating even though the airline 
flies VFR. The Go/No-Go list of 
equipment approved by the FAA says 
that the aircraft may not be flown 
unless the following are operating: two 
windshield wipers, two landing lights, 
two airspeed indicators, two turn and 
slip indicators, two directional gyros, 
two vertical gyros (gyro horizon), one 
clock, two torquemeters and two fuel 
quantity gages. Even though the in- 
operative flight instruments may be on 
the copilor > instrument panel, the 
helicopter would not be considered 
fiyable. Nor can either pilot substitute 
his personal wristwatch for the panel- 
mounted clock, despite the fact his 
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SCIENTISTS AND ENGINEERS: Today Motorola is 
pacing a scientific revolution in electronics with a disciplined approach 
to integrated circuit applications. Under the personal leadership of 
Dr. Daniel E. Noble, the men of the Military Electronics Division are 
synthesizing the process technology and device design capabilities 
Mindpower and Manpower. . . of Motorola ’ s Semiconductor Products and Solid State Systems Divisions 

, . with military and space requirements.This coordinated effort, unique in 

Shaping the future in the e i ectronics industry, is yielding a new breed of reliable integrated 
INTEGRATED CIRCUIT APPLICATIONS circuit devices resulting from Motorola’s 

broad range of jointly funded contracts with each of the three services, 
JPL/NASA and other government agencies.To implement programs 
such as these, marrying the frontier processing techniques of diffusion, 
epitaxial growth, electronic ceramics and thin films to practical electronic 
hardware applications, we can offer immediate opportunities to both 
systems and equipment design engineers experienced in the following areas. 
Specification of design constraints imposed by integrated circuits, trade- 
off analyses for integrated electronic implementation, and electronic 
systems specification and optimization. Micro-miniature transistor circuit 
design, special solid state and semiconductor device utilization, 
computer-aided circuit design, and subminiature packaging techniques, 
including thermal considerations or basic training in the solid state sciences. 
We are particularly interested in programs from which your experience 
was obtained and the extent of your technical responsibility. 

Please address detailed information to our Manager of Engineering at 




the location of your choice for immediate and confidential attention. 


Military Electronics Division 


watch may have a far better history of 
operation. 

Operations Chief R. L. Bromberger 
says that despite the instrumentation 
required, and the greater reliability and 
safety of the S-61. weather minimums 
imposed by the FAA are higher than 
for those of the single-engine S-55. En 
route ceilings for both aircraft arc 500 
ft., with 300 ft. at designated heliports. 
Visibility requirements are i mi. for the 
older S-55 but are 1 mi. for the S-61. 

Los Angeles Airways does not feel 
that the requirement for II' R instru- 
mentation is all bad since ultimately 
the airline plans to become an all- 
weather operator. But its officials do 
not believe that during a strictly VFR 
operation the schedule should be dis- 
rupted if an IFR-rcquircd instrument 
becomes inoperative, such as one of the 
copilot's gyro instruments. 

The helicopters are never more than 
4 min. from a designated heliport or 
airport, Bromberger says, and are gen- 
erally directly over, or only seconds 
away from, an adequate emergency 
landing spot. Such a situation has no 
parallel in fixed-wing transport opera- 
tion and Bromberger believes the regu- 
lations should reflect the helicopter's 
differing capability. 

Through the month of July, Los An- 
geles Airways' schedule calls for 90 
flights per week day, and half that mam- 
on Sunday. Schedules arc lighter oil 
Sunday primarily because of the reduc- 
tion in freight and mail requirements. 
More than half the schedule, or 53 
flights per day, arc conducted with the 
S-61. Two S-55s are still in the sched- 
ule, mainly for freight and mail and 
for operations into heliports not cleared 
for the S-61 such as the downtown pad 
atop the post office. 

Sixteen out of 22 pilots have been 
qualified in the S-61. Training will 
continue, giving each pilot an average 
of 7 hr. of transition time, until all arc 
qualified. Bromberger savs that opera- 
tion of the Sikorsky S-62, an eight pas- 
senger, single turbine helicopter which 
the airline operated under lease from 
the factory last year (AW Apr. 3. 1961. 
p. 40), served to familiarize the pilots 
with turbine equipment and reduce 
transition time. 

Most of the maintenance problems 
of introducing the S-61 into service 
have been in the ship's electrical sys- 
tem. New equipment debugging and 
trouble spots have not formed into a 
pattern. If any one item has caused 
the most difficulty, according to Mi- 
lam. it has been that of electrical con- 
nectors, One example of a connector 
problem was the cancellation of a flight 
because of activation of a red warning 
light on the copilot's turn and slip 
indicator, not a critical instrument for 
VFR flight. The trouble was located 
in the connector between the power 
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Braniff Earnings 

Net income in six months ended June 
30 for Braniff Airways, Inc., totaled 
$1,610,481. equal to 54.6 cents per share. 

This was an improvement of S2.1S9,- 
905 over the same period last year and 
exceeded all of last year's earnings by the 

Net income breakdown shows that 
$700,595 was received from operations 
compared with a loss of $650,985 for 
the same period in 1961. The sale of 
surplus aircraft, principally Convairlincrs. 
produced S909.886. The domestic divi- 
sion provided earnings of $2,134,070 
while the International Division sustained 
a S523.589 loss. 

Traffic in the first half of the current 
year was up in all areas, from 7.82% in 
revenue passenger-utiles to 32% in air 
freight ton-miles. Passenger revenues, 
totaling S42.324.067. gained 8.19%, 
mail revenues gained 17.4% and cargo 
revenues increased 19.4%. Braniff ex- 
ecutives said long term debt has been 
reduced to S38.624.999 and book value 
per share as of June 30 was S13.28. an 
all-time high for the airline. 


supply and the instrument. The instra- 
ment itself was working properly. 
Other problems, traced generally to 
faulty connectors, have manifested 
themselves in an inverter failure, in- 
operative starter and a malfunctioning 
battery toggle switch. 

The airframe in general, Milam re- 
ports. has been trouble-free. One up- 
coming modification will be the addi- 
tion of a larger "beanie" or fairing on 
the main rotor hub. Present fairing 
will be replaced by one 5 in. larger in 
diameter to reduce turbulent flow at 
the hub during forward flight. With 
the present fairing, turbulent flow from 
the hub impinges on the tail rotor and 
causes the aft section of the helicopter 
to shake in a manner similar to a fixed- 
wing aircraft having a yaw damper into 
which random transients arc intro- 
duced. The larger fairing will effec- 
tively reduce the shaking which, al- 
though it is not a hazard to flight, 
detracts from passenger comfort. 

Arrival of the fourth S-61 has placed 
Los Angeles Airways in the position of 
having even greater load-carrying capa- 
bility than that which produced July's 
73% increase in passenger traffic. Bel- 
inn wants to expand and modify the 
flight route structure and increase fre- 
quency on some routes and has peti- 
tioned for Civil Aeronautics Board ap- 
proval. Most recent change in the 
schedule has been the addition of 
service five times daily to the com- 
munity of Newport Beach, 36 mi. 
south of International Airport. Appli- 
cation also has been made to serve 
Santa Barbara. S9 mi. northwest; Chula 
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Vista, 11S mi. south; (near San Diego) 
Catalina Island, 3S mi. southwest; 
Edwards AFB, 72 mi. north and Bar- 
stow, 101 mi. northeast. Belinn par- 
ticularly would like authorization to 
serve Catalina Island and its high vol- 
ume of summer tourist traffic. Another 
high potential traffic spot would be 
authorization to serve Palm Springs 
which has a high volume of winter 
traffic and would offset and comple- 
ment the Catalina summer traffic. 
Belinn believes the S-61 will be a 
profitable aircraft for passenger, mail 
and freight service up to a 100 mi. 
radius. How far the CAB will pennit 
the helicopter line to range is a con- 
troversial point because service to San 
Diego. Santa Barbara, Palm Springs 
and some of the other points would 
put the helicopters in competition with 
both local service airlines and trunk 
airlines. 

Change in route structure and/or 
frequency of service will be necessary 
if Los Angeles Airways is to approach 
full utilization and profitable operation, 
the airline believes. Making a profit 
looms more and more important espe- 
cially in view of the recent CAB deci- 
sion limiting subsidy of all three heli- 
copter airlines to S6 million split 
equally three ways. Los Angeles Airways 
recently canceled the option it held 
on a fifth S-61 largely due to the sub- 
sidy limitation. The airline had ex- 
pected to finance the fifth helicopter 
out of cash flow, largely from deprecia- 
tion and amortization. Position with 
regard to subsidy possibly might 
improve despite the S6 million limita- 
tion. If the subside is split equally 
between Chicago Helicopter Airwavs. 
New York Airways and Los Angeles 
Airways, the latter’s total may increase. 
A check of subsidy payments made to 
all three helicopter operators shows 
that the Los Angeles share has been 
running less than 25% of the total, 
largely because the airline elected not 
to buy new equipment until the S-61 
was ready. 

So far. enough experience has not 
been accumulated with the S-61 for 
a clear assessment of operating costs. 
Fuel consumption is averaging 160 
gph. compared with 45 gph. for the 
S-55. Fuel costs for the S-55 are 
13.5 cents mi. and for the S-61, 15 
cents/mi. Fuel cost per seat mile there- 
for is roughly 2 cents per mi. for the 
S-55 and only about one-quarter that, 
or 4 cent/mile, for the S-61. 

Valid maintenance costs also must 
await more experience. As of mid- 
July, the high time S-61 had 669 hr., 
and all three had accumulated 1,764 
hr. 

Overhaul life on the engines, main 
rotor head and main gear box is 1,000 
hr. and intermediate and tail rotor 
gear boxes are overhauled at 3,000 hr. 
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DROP BY DROP 

Vac Arc® steels possess the ultimate in cleanliness, uni- 
formity of ingot structure and mechanical properties. 
Produced by the consumable vacuum melting process, 
these steels are perfect for applications requiring high 
strength, toughness and ductility at low and elevated tem- 
peratures. On critical applications Vac Arc can spell the 
difference between failure and success. ♦ The added built-in 
properties of these steels are achieved by remelting . . . 
drop by drop ... a top quality electrode into an ingot 
under a high vacuum. During the process, dissolved gases 
are drawn off and undesirable non-metallic inclusions are 
substantially eliminated. The finished product — Vac Arc— 
is now able to withstand high temperatures and other 
severe engineering specifications. Various grades of Vac 
Arc steels are regularly produced in a range of billets, bars 
and shapes. Write for your copy of our Vac Arc catalog. 
Experienced technical assistance is always available. 



LATROBE STEEL COMPANY 

LATROBE, PENNSYLVANIA 

Am.nl'S 



Eastern May Cut Total Schedules 
When Full Service Is Resumed 


By James R. Ashlock 

New York— Enough pilot engineers 
are becoming available to Eastern Air 
Lines for the carrier to meet its Sept. 
1 > target date for resumption of service 
to most cities on its routes. Eastern 
spokesmen said last week. 

Engineers who have returned and 
pilots qualifying for engineer duties 
total approximately two-thirds of the 
574-man pre-strike flight engineer force. 

Malcolm A. MacIntyre. Eastern pres- 
ident. said more than 10% of the regu- 
lar flight engineers responded to the 
company's rcturn-to-work offer and are 
being trained as pilot-engineers. Ap- 
proximately 250 co-pilots are also un- 
dergoing engineer training. Eastern says 
a majority of 500 senior pilots, fur- 
loughed by the airline’s discontinuance 
of sen-ice with 54 Martin 404 twin- 
engine aircraft, have also signed up for 
pilot-engineer training. 

Using three-man jet crews, and rein- 
stating some Convair twin-engine serv- 
ice. Eastern last week began operating 
64 jet and 54 Convair flights daily. Its 
64 daily Boston-New York-Washington 
shuttle flights also continued. 

Newark sen-ice has been resumed 
with 10 daily jet departures and arrivals. 
It includes DC-S nonstop flights be- 
tween Newark and Miami, and Boe- 
ing 720 sen-ice to Charlotte. Atlanta. 
New Orleans. Houston. San Antonio. 
Louisville. Jacksonville, West Palm 
Beacli and Boston. Eastern says that on 

tions shuttle between Newark. Boston 
and Washington. 

Before the strike. Eastern offered 
1,424 daily Bights. There is a question 
as to whether the airline plans ever to 
return to such frequency. Retirement 
of the Martins, and company admission 
that it proposes a more "streamlined" 
operation, indicates planning toward a 
permanent trimming of sen-ice outside- 
major markets. 

Steps toward removal of another 
handicap in Eastern's efforts to expand 
sen-ice were taken last week when the 
company and the International Assn, 
of Machinists agreed on the pattern for 
recalling maintenance personnel. 

The company agreed to bring back 
IAM members laid off by the strike 
according to their seniority. Following 
the agreement. IAM headquarters gave 
its Eastern members clearance to return 
to work Friday. However, under con- 
tract provisions, IAM members had the 
individual right to honor the flight engi- 
neers’ picket lines if they chose. 

The I AM's dispute with Eastern 


arose over the manner in which main- 
tenance personnel were laid off follow- 
ing the strike. Their contract provides 
that they will receive two weeks notice 
of work stoppage, or two weeks pay in 
lieu of notice. In case of bad weather, 
which could close an airport, the IAM 
also requires 16 hours notice of tem- 
porary no-work conditions. 

IAM spokesmen said neither of these 
requirements were honored when the 
strike occurred, and the matter of the 
two weeks pay in lieu of notice may- 
still conic up for arbitration. The union 
is also restless over indications that 
Eastern mav onlv recall about 4.600 
of its 6.000 machinists. 

Concern over the pattern by which 
Eastern would recall IAM members 
prompted a strike threat by the union 
earlier (AW Aug. 20. p. 40). The rc- 
call-by-seniority agreement v.as attained 
last week following two davs of meet- 
ings by airline and union officials in 
Miami and Washington. 

As to operations. Eastern spokesmen 
sav schedule reliability of those flights 
operating has been good. Since July 
22. when Eastern first resumed service 
with four jet flights daily between New 
York and Miami, departures have been 
94% on time, the airline claims. 

All 9S4 flights scheduled through 
the first part of last week were com- 
pleted. and passenger response has been 
such that 8S extra Air Shuttle and six 
extra New York-San Juan jet flights were 
operated. Load factors on the shuttle 
have returned to pre-strike levels, the 
airline said. 

On another strike front, the contract 
dispute between Pan American World 
Airways and the Transport Workers 
Union will be presented before a Presi- 
dential Emergency Board starting to- 

TWU threatened earlier to call its 
9.650 Pan Am employes out on strike, 
claiming the company was failing to 
bargain in good faith for a contract to 
replace the one that expired June 1 
(AW Aug. 6. p. 59). Pan Am obtained 
a temporary restraining order, but was 
refused a permanent injunction on Ang. 
14. The same day. President Kennedy- 
appointed the emergency board. Its re- 
port. which must be made within 50 
days after the appointment, will be fol- 
lowed by a 50-dav cooling off period. 

Judge John F. Dooling, Jr., of Brook- 
lyn Federal Court, in refusing Pan Am 
the permanent injunction, said the car- 
rier "has not exerted every effort to 
make agreements with the TWU con- 
cerning rates of pay, rules and working 
conditions.” 



Emergency Landings 
To Cost, Defense Says 

Washington-Defense Department 
last week told the Federal Aviation 
Agency it will bill any civil aircraft 
operator for costs involved in handling 
emergency landings of civil aircraft at 
military installations. 

In a letter to the FAA, Defense said 
it felt concern that civil airlines have 
been increasingly selecting military air- 
ports for any type of emergency, even 
though it has been apparent that civil 
airports could have been used. 

Defense emphasized that regulations 
require that military airports arc avail- 
able to any aircraft in distress without 
restriction. But it listed these problems 
created by the use of military installa- 
tions for emergency civil landings: 

• Such landings interfere with tactical 
operations and "sterilize" runways vital 
to takeoff and landings of mission air- 

• Civil emergencies transfer the respon- 
sibility of handling such emergencies 
on the ground from civil to military- 
authorities. 

• Defense has been absorbing the direct 
and indirect costs of handling civil 
emergency actions. 

As a result. Defense has established 
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GILFILLAN: SPACE BLOODHOUND 


Gilfillan's two long range frequency-scan radar systems, under development for the 
U.S. Marine Corps and U.S. Navy, promise performance compatible with future require- 
ments of missile system designation for the Navy and interceptor director radar for the 
Marine Corps. ■ A high average power amplitron-chain transmitter in conjunction with 
a unique program beam-scanning technique will provide superiority in range, improved 
angular accuracy, and greater data-rate over comparable systems now in use, with the 
same outstanding Gilfillan dependability. ■ Soon to be delivered for U.S. Navy and 
U.S. Marine Corps evaluation in the operating environment, these two advanced radar 
systems may also possess expansion potential to full three-dimensional output data 
capability for utilization in a variety of weapons systems and air traffic control applica- 
tions. « (The illustration above symbolizes a frequency sensitive, two dimensional 
antenna to be utilized for the U.S. Navy system.) 
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a new policy that will require pilots 
making an emergency landing to file a 
written report with the base com- 
mander. 

No aircraft involved in an emergency 
endangering the safety of passengers or 
the aircraft will be denied permission 
to land at a military airport. But De- 
fense will reserve the right to use any 
necessary method to clear a runway of 
an aircraft or wreckage. The U.S. will 
be held harmless by the civil user, and 
military' personnel will not be respon- 
sible for any loss or damage caused by 
negligent acts or omissions of acts, un- 
der the new policy. 

All direct costs arising from the 
emergency will be borne by the civil 
operator. Such costs will include labor, 
material, equipment, the spreading of 
foam on the runway, use of fire and 
crash rescue equipment, movement and 
storage of aircraft or wreckage and any 
damage to runwav, lights or navigation 
aids. 

Two Air Carriers Plan 
Protests of Fare Cuts 

l.ondon-At least two European- 
based airlines. British Overseas Airways 
Corp. and Middle East Airlines, will 
enter strong protests with International 
Air Transport Assn, against illegal price 
cutting. 

Ob|cctions to price cuts under IATA 
fares, reportedly up to 30%, have come 
from Sir Basil Smallpcicc, BOAC man- 
aging director, and Sheikh Najib Ala- 
muddin, chairman and managing direc- 
tor of Middle East Airlines. 

The latter, in ME’s annual report, 
issued here last week, warned against 
what he called "a menacing threat 
which comes from illegal price cutting 
in our area by the majority of inter- 
national airlines who give substantial 
rebates on Middle East-European 
teasel. The market situation is deter- 
iorating rapidly and an open fare war 
is setting in.” 

Alamuddin told stockholders he has 
already appealed through IATA to all 
the airlines concerned, but did not name 
them. In particular, he called for an 
end to malpractice and to rationalize 
capacity on routes ss'here the increase 
of capacity has been many times more 
than the available traffic. 

He also issued a veiled warning to 
competing airlines, saying "I hope that 
my appeals through IATA will produce 
the required results. I would s’ery much 
prefer this method to the only other 
alternative, which w'ould be govern- 
ment protection. . . .” 

BOAC, which is concerned about the 
political ramifications of price cutting, 
plans another IATA protest when the 
association holds its annual meeting 
Sept. 10 in Dublin. 
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Airlines Fear Traffic Diversion 
During Continental Fare Trial 


New York— Speculation has arisen 
among airline officials that the cycle 
of over-capacity and diversion may re- 
peat itself in the business class fare 
experiment on routes between Chicago 
and Los Angeles (AW July 30, p. 28). 

Continental Air Lines, original pro- 
ponent of the test, initiated the service 
Friday following approval of the re- 
vised fares by Civil Aeronautics Board. 

However, American Airlines, United 
Air Lines and Trans World Airlines 
are matching Continental’s service, and 
industry sources wonder if this won’t 
provide a profitless proportion of busi- 
ness seats to business travelers, plus di- 
version of regular travelers to lower 
priced seats. 

The three-class service being offered 
features business class fares 12-15% 
lower than first class, and new economy 
coach fares 20% below existing coach 
rates. First-class fares remain the same. 
Business class will have three-two seat- 
ing, with standard six abreast in econ- 
omy coach. 

American, which joined with TWA 
and United in strong opposition to the 
experiment (AW Aug. 13. p. 37), says 
the conversion of its Boeings to three- 
class configuration will cause unneces- 
sary problems. 

"For one thing, we’re going to be 
flying empty business class seats from 
New York to Chicago before we can 
begin selling them,” an American offi- 
cial said. "It will also cut into our 
transcontinental revenues, because first- 
class or coach travelers will be tempted 
to switch to the cheaper fares at Chi- 
cago." 

TWA has abandoned its earlier plan 
to convert one Boeing to 160-seat all- 
coach configuration on the route, and is 
adopting the three-class pattern. How- 
ever, curtains will be used instead of a 
bulkhead to separate the sections. 

One advantage TWA had in chal- 
lenging Continental was that its Con- 
vair 880s. with three-two seating in the 
coach sections, were already flying the 
Chicago-Los Angeles run. TWA im- 
proved its meal and liquor service to a 
level it felt businessmen prefer and re- 
tained coach fares, which are still S21 .10 
less on a Chicago-Los Angeles round- 
trip than the fares for the new business 
class (AW Aug. 20, p. 50). 

Continental is confident, however, 
that opponents’ complaints are ground- 
less, and that the new sendee will not 
only attract business travel out of the 
coach sections but also will generate 

“Interest in this has been such that 
several of our initial flights have been 
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sold out in business and economy coach 
class,” a Continental official said. 

He said the lower priced economy 
coach shows signs of cracking the long- 
sought family travel market. More 
revenue also will come from business- 
men shifting to the new class designed 
for them, Continental feels. 

“We are simply tailoring the product 
to appeal to a larger proportion of the 
public.” the Continental official said. 
“Hotels don’t offer only one or two 
prices for rooms, and auto manufac- 
turers don’t limit their product to a 
single priced Car.” 

Continental is not concerned about 
TWA’s Convairs as competitors, since 
the 880’s coach seats arc narrower and 
spaced closer than the first-class seats 
being installed in the Boeings’ busi- 

The spokesman said Continental is 
also pleased at other carriers adopting 
the plan, since it will provide a better 
test of Continental’s theory. 

IATA Move May Force 
BOAC Britannia Sale 

London— Future of British Overseas 
Airways Corp. 17-plane Bristol Britan- 
nia 3i2 turboprop fleet appears to rest 
on actions to be taken on propeller fare 
differential rates at the International Air 
Transport Assn, conference next month 
in Dublin. 

Britannia 312s are the long-range ver- 
sion of the Britannia 102 and arc being 
used on the North Atlantic routes. 

Currently for sale arc 14 Britannia 
102s, first put into BOAC service in 
February. 1957. Decision to sell them 
was made last fall when Sir Basil Small- 
peice. BOAC managing director, said 
the airplanes were no longer making a 
substantial contribution. At the same 
time, BOAC decided to sell its eight 
Douglas DC-7C transports, retaining 
two DC-7F freighter conversions. 

Contributory cause for selling the 
102s and the piston-engine freighters, 
in addition to low load factors experi- 
enced last year, is a BOAC decision to 
limit route expansion to 6% this year, 
thus making the fleet redundant (AW 
Apr. 9. p. 49). 

BOAC spokesmen here, referring to 
the Britannia 312 version, said the 
North Atlantic routes on which the 
312s are operating are showing a profit. 

IATA convention discussions arc ex- 
pected to center on BOAC’s success 
with its turboprop differential. Sum 
involved is S35.9S less than jet fare 
on a round-trip ticket. 
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SHORTLINES 


AIRLINE OBSERVER 

► White House next year will recommend to Congress that the U. S. ratify 
the Hague Protocol of the Warsaw Convention (AW Jan. 1. p. 26) and pass 
legislation requiring U. S. flag carriers to carry compulsory insurance covering 
each passenger on international flights for S50.000 for death resulting from 
an aircraft accident, and up to $50,000 for injuries received in accidents. The 
Hague Protocol limits liability of airlines to $16,000 for each passenger hilled 
or injured on an international flight. Recommendations arc based on studies 
conducted by the Interagency Group on International Aviation. 


► Air Transport Assn, said written bag- 
gage declaration will no longer be re- 
quired of passengers flying between the 
islands of Nassau and Bermuda and the 
U. S. The U. S. Bureau of Customs 
now will accept oral declarations from 
outbound or inbound passengers on 
these routes. The action could lead to 
similar arrangements at other U. S. gate- 


► American Airlines’ marketing research department has found that 16 mil- 
lion U. S. adults have never taken a trip 200 mi. away from home bv any 
incans of transportation. The research also indicated that in 1961, only 
38% of the adult population left home for as much as one night on a vaca- 
tion. Only 10% of U. S. travelers consider flying when they plan to travel 
200 mi. or more, American said. 

► British government has been paid about S3 million by de Havilland Air- 
craft Co., Ltd., in royalties from the sale of 71 Comet jet transports. Earlier 
the government collected $12 million spent in development aid. Company 
reached the breakeven point at 57 airplanes, and another sale for 10 Comets 
is now being negotiated. 


► Civil Aeronautics Board Chairman 
Alan S. Boyd is heading the U. S. dele- 
gation to the International Civil Avia- 
tion Organization assembly now meet- 
ing in Rome. Edward Bolster of the 
State Department is vice chairman of 
the delegation. Other members include 
Nelson B. David. U. S. representative 
on the ICAO council; Raymond B. 
Malloy, Federal Aviation Agency; and 
Clarence D. Martin, Jr., Department of 
Commerce. 


► Civil Aeronautics Board has found that substantial progress has been made 
by Trans World Airlines in the training and recruiting of Ethiopian person- 
nel in the operation of Ethiopian Airlines. But the Board approved an 
extension of the technical assistance agreement between TWA and the Ethi- 
opian government to July, 1966 on the grounds that expansion of Ethiopian 
Airlines and the planned introduction of jet equipment have increased prob- 
lems of recruiting and training skilled personnel. 

► Despite a- prolonged labor strike. Eastern Air Lines' common stock has 
held at a steady level on the New York Stock Exchange and remained within 
the price range of common stock of American Airlines, its proposed merger 
partner. 

► Senate commerce committee last week approved an amendment to the 
guaranteed loan bill that will authorize guaranteed loans up to $15 million for 
the purchase of all-cargo aircraft by any U. S. scheduled airline. The com- 
mittee also approved an extension of the local service airline guaranteed loan 
legislation for another five years, beginning Sept. 7, and increased the loan 
ceiling from $5 million to $10 million. 

► State Department has received a number of unsolicited proposals for a 
U. S. policy on international air transportation, presumably submitted in 
the hope that they would influence final recommendations, which are sched- 
uled to be sent to the White House by special study groups this week (AW 
Aug. 6, p. 50). Proposals are coming from industry groups and pilots of 
international carriers. 

► Eastern Air Lines last week filed with the Civil Aeronautics Board a joint 
tariff which will provide free or reduced-cost transportation on New York 
Airways helicopter connections between the three New York metropolitan 
airports. Free transportation will generally apply for Eastern passengers fly- 
ing one-way distances of 800 mi. or more. Passengers on shorter trips may 
use the helicopter service at reduced rates. 

► United Air Lines flight planning and weather forecasting electronic com- 
puter systems will be moved from Denver to Chicago next month. 


► Delta Air Lines increased its jet fleet 
to 25 aircraft during July by accepting 
delivery of four Convair 880s in the first 
two weeks of the month. 

► Eastern Air Lines plans to reopen its 
Falcon Lounges at its Miami, Atlanta, 
and Idlewild terminals on Aug. 23 to 
coincide with jet service expansion to 
these cities. Tire private clubs will be 
available for EAL passengers holding 
first-class tickets and their guests. 

► Federal Aviation Agency will transfer 
the authority for its programs and facil- 
ities in Montana from its Western Re- 
gion to its Central Region on Sept. 30. 
Reason for the move is to bring three 
Sage centers in Montana under super- 
visory control of one region. 

► Flying Tiger credits an increase of 
more than 100% in ton miles flown 
last month over the July, 1961 figure 
to the full use of 10 new Canadair 
CL-44 swingtail airfreighters. The line 
flew 26.307,000 ton miles in July, com- 
pared with 12,500,000 ton miles in July 
a year ago. 

► Middle East Airlines announced pur- 
chase of two French Caravclle jetliners 
for April, 1963 deliver,-. MEA will use 
the new planes on short and medium 
routes within its present system. The 
Beirut-based airline connects Europe 
with 17 cities in the Middle East. 


► Alitalia Airlines has ordered a DC-8 from Douglas Aircraft for delivery in 
May, 1963. It has also taken options, which must be picked up by October, 
1963, for two more DC-8s. Alitalia had been considering orders for DC-8Fs, 
but placed none. Douglas is also in negotiation with Trans Caribbean Air- 
ways for three DC-8Fs. 


► New York Airways asked the Senate 
appropriations committee for full ap- 
proval of the S5.850.000 subsidy re- 
quested for it by the Civil Aeronautics 
Board so that growth of helicopter serv- 
ice will not be brought to a standstill. 
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The sky’s the limit? Not for the Ampex AR-200. This 
airborne and mobile magnetic tape recorder can oper- 
ate at altitudes up to 80,000 feet. With four recording 
capabilities— Direct, FM-Carrier, PDM and 
NRZ Digital— it can gather dynamic, on-the- 
spot data in airborne, shipboard or vehicu- 
lar use. It's lightweight, compact. Can be 
mounted anywhere. Has a remote control 
unit that fits right into the control panel 


of an aircraft. And it's designed to withstand the tough- 
est of environmental conditions. With Ampex engineer- 
ing excellence behind it, the AR-200 provides precision 
performance, maximum reliability. For 
more data write the only company pro- 
viding recorders and tape for every appli- 
cation: Ampex Corporation, 934 Charter 
Street, Redwood City, California. Sales and 
service engineers throughout the world. 



SUB-KILLING ASROC 



New metal forming skills speed defense output 


Honeywell offers facilities for all three 
of the most advanced methods of 
skin fabrication: hydraulic bulging, 
flow turning and explosive forming. 
Added to Honeywell's complete facil- 
ities for more conventional metal 
working, these newer techniques 
simplify many complex jobs. 

A typical example is this weapon 
system externally stored on high- 
performance aircraft. The main body 
is rolled and welded in the conven- 
tional manner using standard equip- 
ment; the more difficult nose cone is 


flow-turned, the tail cone section is 
explosive formed. 

Honeywell is conducting advanced 
research involving new methods and 
new metals (stainless steel, both 
low- and high-strength alloys; titani- 
um; magnesium; nickel alloys; explo- 
sive hardening of beryllium; explosive 
compacting of copper) in the field of 
skin fabrication. Besides doing jobs 
that can't be handled by conventional 
processes, new refinements in tech- 
nique are producing finertolerances, 
greater flexibility, lower scrap rate. 



NOW OPERATIONAL 


Honeywell-developed weapon gives 
craft long range anti-sub capability 


As part of the Navy's modernization 
program, a formidable number of 
fleet vessels have been equipped 
with ASROC (antisubmarine rocket). 
Capable of blasting a sub with hom- 
ing torpedoes or depth charges at a 
greatly extended range, ASROC was 
developed by the U.S. Naval Ordnance 
Test Station (NOTS), for the Bureau 
of Naval Weapons. As prime con- 

Sergeant missile 
battalions 
being activated 

The Army’s highly mobile Sergeant 
surface-to-surface missile will be the 
major striking force of battalions of 
nuclear artillery now being activated. 

With a range of 75 miles, the 34%- 
foot, 10,000-pound Sergeant carries 
a Honeywell-developed warhead. Al- 
together, Honeywell has participated 
in more than two dozen missile pro- 
grams in capacities ranging from 
prime contractor to supplier of preci- 
sion inertial components. 


tractor, Honeywell is responsible for 
the entire ASROC weapon system, 
including computer, launcher, mis- 
siles and all aspects of control. 

ASROC makes it possible for sur- 
face vessels to attack enemy sub- 
marines in a matter of seconds after 
detection. A combination of rocket, 
torpedo or depth charge, integrated 
with sonar and computer, ASROC de- 


tects and tracks submarines by 
bouncing short bursts of sound off 
the target. Returning echoes are 
magnified aboard ship to provide the 
course and speed of the target. 

After the contact is identified and 
tracked, the ASROC payload (torpedo 
or depth charge) is aimed and 
launched with deadly accuracy by 
the shipboard digital fire-control sys- 
tem. During the entire search, detec- 
tion, track and launch operation 
there is no need for the attacking 
vessel to maneuver or leave a con- 
voy; ASROC can launch its weapons 
as the sonar identifies targets. 



This advertisement is paid for by Honeywell, not from Govern- 
ment funds. While it Is a report concerned with our nation's 
defense programs, it is particularly addressed to companies 
seeking help in those areas where Honeywell experience can 


be most useful. Your inquiries are invited. This material has 
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companies that are concerned. Minneapolis-Honeywell Mili- 
tary Products Group, Minneapolis 8, Minnesota. 
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Minuteman Propulsion — Pari 1 : 

Minuteman ICBM Solid Motor Stages Enter 


By Irving Stone 

Brigham City, Utah— Air Force Min- 
uteman intercontinental ballistic missile 
wraps up in a single missile configura- 
tion three distinct approaches to the 
design and production of large solid- 
propellant rocket motors. 

Engineering latitude allowed the con- 
tractors for the three rocket stages by 
the Air Force has been wide, and the 
results show the diversification possible 
in basic design of a stage, in production 
techniques, and in propellant grain 
formulation and configuration. 

The three propulsion units have en- 
tered initial production in the missile’s 
transition from an advanced research 
and development level, at these three 

• Air Force Plant 78, here, operated by 
Thiokol Chemical Corp.’s Wasatch 
Division, for production of the missile’s 
first stage. 

• Aerojet-General Corp.'s Sacramento, 
Calif., plant, for the second stage. 

• Air Force Plant 81, Magna, Utah, 
operated by Hercules Powder Co.’s Bac- 
chus works, for third stage production. 


Boeing Co., assembly and test con- 
tractor for Minuteman. connects the 
three stages and assembles other com- 
ponents at Air Force Plant 77, Hill 
AFB, Ogden, Utah, to produce the final 
missile. The weapon is undergoing ad- 
vanced R&-D testing and is being de- 
livered also for training of Strategic Air 
Command crews in preparation for im- 
pending Wing 1 silo deployment at 
Malmstrom AFB, Great Falls. Mont. 

To qualify the Thiokol plant here 
for production, Thiokol has run two 
inert full-scale motors through the 
processing cycle, to check out tooling 
and equipment and establish detail 
operating procedures. One of these 
motors has been completely assembled, 
and one processed to the extent of cast- 
ing and cutting back the propellant to 
the finished level. Five live full-scale 
motors have been processed— three to 
check out the manufacturing cycle, and 
two for static test. First of the static- 
test motors was to be fired today and 
the second was scheduled to be fired 
soon after. Start of processing of three 
other live motors programed for static 
test will await results of the first firing. 


The Thiokol-dcsigned stage 1 config- 
uration for Minuteman is slightly over 
24 ft. (290-in.) long from the forward 
dome to nozzle exit plane and has an 
outside diameter of approximately 5i 
ft. (65 in.). Loaded weight is 23 tons. 

The four nozzles are tire largest vec- 
torablc units for U.S. solid propulsion 
application. Nozzle throat diameter ap- 
pears to be approximately 73 in. Nozzle 
exit plane diameter is approximately 22 
in. Movable portion of the nozzle is 
about 25 in. long and expands in a 
21-deg. half-angle, the included angle 
between the center line of the nozzle 
and the side of the exit cone. 

Laterally opposed nozzles pivot up 
and down for pitch control, while the 
vertically disposed pair pivot to the 
side for yaw control. For roll control, 
the yaw nozzles arc operated in opposi- 
tion to obtain a couple. 

The nozzle control unit, a complete 
package furnished by North American 
Aviation's Autonctics Division as part 
of the missile’s guidance and control 
system, is centered in the nozzle place- 
ment. It is a battery-powered hydrau- 
lic system with fluid pressure transmit- 
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Production Phase 




ted through arms to nozzle actuators. 

Nozzle for the Minuteman Wing 2 
configuration, an advanced version to 
be deployed first at Ellsworth AFB, 
Rapid City, S. D., will be modified to 
Prandtl-type internal contour to give 
a dished instead of a flat surface for 
more efficient gas flow. Improvement in 
specific impulse is expected to be about 
5 sec. In this application the nozzle 
will be "moved into" the motor to 
shorten the fixed portion, smoothing 
the flow of gas before it enters the 
expanding portion of the nozzle. 

Motor cases are supplied by Curtiss- 
Wright, General Electric and Allison 
Division of General Motors, and are 
furnished with the forward dome 
welded to the cylindrical section and 
the aft dome attached by a screw joint. 

Case material is Ladish D6AC, a 
double vacuum-melted steel of great 
strength and purity. Cases are made 
up of six welded sections with a gage 
between tolerance limits of 0.144 and 
0.149. 

Incoming motor cases are stored in 
pigeonhole racks. For production pro- 
cessing, cases are fitted with a handling 
harness at each end-skirt and the harn- 
ess reinforcing ring maintains case 
roundness ana provides trunnion lift 
attachments. The harness also is de- 
signed to take demountable wheels for 
moving the case on tracks. 

Cases are removed from storage prior 
to entering the production cycle for 
dimensional inspection, which is per- 
formed in a high, vertical fixture. 
Checks are made of the position of the 
case's blast tube ports, pyrogen (ig- 
niter) bore and— relative to the case 
centerline— the squareness of the pyro- 
gen boss, blast tube flange, case for- 
ward and aft skirts, and case eccentri- 
city and concentricity. 

The fixture is operated from a floor 
console, which gives both visual and 
chart readouts. Checkout time is about 
3 hr. from loading to unloading on the 
turntable bed. An X-ray source is used 
for cheeking welds, and Magnaflux 
for detection of cracks. 

Cases after inspection are routed 
back to the storage area and, when 
withdrawn for processing, the aft 
closure is unscrewed and separated 
from the cylinder prior to the degreas- 
ing operation. In this process the case 
is suspended in a pit where steam coils 
heat liquid trichloroethylene and the 
vaporized solvent removes contamin- 

Premolded rubber liner about 3-in. 
thick is bonded to the inside of the 
head. The aft case insulation, consist- 
ing of resin-impregnated glass fiber 
sheet, is applied next with mechanical 
force, in a jig. This insulation is thin 
at the tangent line and runs to about 
2 in. thick at the curved end of the 
case, where the aft closure would be 
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THIOKOL FIRST STAGE is lifted by handling tool to vertical position above aft closure removal fixture below floor level at left. Removal 
fixture rotates 90 deg. to unscrew massive aft closure from which four blast tubes protrude. 


attached. This thickness of glass fiber 
is necessary to prevent the 5.500F ex- 
haust gases from burning through the 
aft end of the case. 

A rubber flap, consisting of two 
layers, is applied to the glass fiber in- 
sulation so that the outer layer at- 
taches to the case insulation, with the 
adjacent (inner) layer free to be bonded 
to the propellant when it is cast. This 
technique is used as a “controlled 
crack" to accommodate thermal expan- 
sion in the propellant due to tempera- 
ture changes. 

Six lightweight, inert, foained-plastic 
triangular slivers about 8 in. at the base 
and about H in. high are installed lon- 
gitudinally in the case. These slivers 
substitute for fractional amounts of pro- 
pellant which would not contribute to 
the range of the missile because they 
would bum only during the tailoff pe- 
riod. This saves unnecessary propel- 
lant weight. 

A rubber-type liner is sprayed in two 
coats over the entire interior of the 
case for a deposit of about 1/10 in. to 
provide thermal insulation, accommo- 
date the different coefficients of expan- 
sion of the steel and propellant, and 
assist in bonding the propellant to the 
case. The coating is cured to a solid 
state by application of HOF air for 
about 1S-24 hr. During the spraying 
and curing process the case is rotated 


on a dollv in order to ensure uniform 
effects. 

The case, protected by a screen 
jacket to avoid external surface scratch- 
es, moves to the casting building— one 
of several— where it is rolled horizontally 
into a vacuum bell, which is tilted to 
the vertical position as it is lowered 
hydraulically into the casting pit. 

The star-configuration aluminum 
mandrel, or core, is sprayed with an 
emulsion of Teflon (polytetrafluorocthy- 
lene), placed in a 750F oven where tlic 
Teflon fuses, providing a low-friction 
coating to prevent adhesion of the man- 
drel to the propellant and facilitating 
easy removal after casting and curing. 

The mandrel is lowered into the case 
through a rubber casting sleeve which 
was installed prior to lining the case. A 
metal spider attached to the top of the 
mandrel centers the mandrel in the 
case. The forward end of the mandrel 
is supported by a stud extension which 
fits into a sleeve in the igniter hole. The 
mandrel allows approximately 20 in. of 
propellant web between the case and 
the point of the core star. 

Vacuum bell lid is installed and bell 
is evacuated to about 4 in. Hg. absolute, 
to be readied for the casting of the 
propellant through a valve in the 
vacuum lid. 

Meanwhile, the propellant line se- 
quence is in operation to meet the mo- 


tor case in the vacuum bell for casting. 

First-stage propellant is a Class 2 
formulation— it will bum but not deto- 
nate. Accelerated aging tests indicate 
propellant life will be at least five years 
and full-scale motors, already three 
years old, reveal no sign of deteriora- 
tion. Environmental controls required 
for the guidance system, with the mis- 
sile deployed in a silo, exceed that re- 
quired for the propellant. After casting 
and curing the propellant, temperature 
limits required to be maintained during 
production are 60F-100F. 

Propellant includes ammonium per- 
chlorate as the oxidizer, supplied pri- 
marily by American Potash; aluminum 
powder, supplied bv Reynolds Alumi- 
num, as an additive to boost specific 
impulse and control burning rate; poly- 
butadiene acrylic acid from American 
Synthetic Rubber Co. for the fuel and 
binder; and epoxy resin from Shell 
Chemical Co. for the curing agent. 

The ammonium perchlorate is pre- 
processed prior to mixing of the propel- 
lant to control propellant viscosity with- 
in processing limits, obtain maximum 
density of the perchlorate in the pro- 
pellant, and to control propellant burn- 
ing rate. After preprocessing, perchlo- 
rate particle size varies from 10 to 1,000 
microns, obtained by grinding some of 
the perchlorate to a fineness equivalent 
to that of talcum powder, mixing it 
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A partial view of the TRANSACTER System Compiler units at Boeing Transport Division. 

The TRANSACTER' Data Collection. System 
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Initially installed in June 1960 at Boeing’s Transport Divi- 
sion, Renton, Washington — TRANSACTER input stations 
and Compiler units are efficiently collecting, transmitting 
and recording vital, accurate production data for instanta- 
neous processing. Thus management reports are continu- 
ously available for the never-ending improvement of Boeing 
customer service. 

At Renton, engineering control, attendance reports, factual 
labor distribution data, order status and labor/machine 
utilization reports are readily at hand. Potential applica- 
tions include quality control and material/inventory control. 

STROMBERG 

GENERAL TIME CORPORATION 


with four size-fractions of unground 
perchlorate and one fraction of a special 

ness to powdered sugar. 

There is a premising operation for 
the aluminum powder and the poly- 
butadiene acrylic acid fuel and binder. 
Constituent tolerance of the mixed 
batch is controlled to one-fifth pound, 
and the premix container is heat- 
jacketed to maintain proper consistency. 
Oxidizer and premix are conveyed on 
covered walkways to a 300-gal. mixer. 

Propellant blending process is an 
automated batch mix, a joint develop- 
ment of Thiokol and Toledo Scale 
Corp, There are four mix buildings 
with one centrally located remote con- 
trol building fitted with closed-circuit 
television. The mix cycle is controlled 
by an electronic preprogram board, with 
circuits representing a series of formu- 
lations. 

Mix Cycle 

The mix cycle starts as soon as the 
second ingredient is added. Normally, 
the first charge is perchlorate, the pre- 
mix is then added, and finally the 
epoxy curing agent. Mix time may be 
about two hours and temperature of 
HOF. ± 3F, is controlled bv circulating 
hot water in a jacket around each sup- 
ply can. The mix cycle may be stopped 
at any time to take a sample. 

In each mix building, there are three 
scales to weigh the oxidizer, the premix 
of aluminum powder plus polvbutadiene 
acrylic acid, and the epoxy curing agent. 
Each scale is a load-cell type which 
measures the amount of material de- 
livered into the mix bowl. This infor- 
mation is transmitted to the control 
building where it is typed on an IBM 
machine. 

If the control panel indicates that 
the weight tolerances are acceptable- 
±2 lb. for 3,000 lb. of oxidizer, ±1 lb. 
for approximately 1.200 lb. of premix, 
and ±31 « lb. for each 100 lb. of epoxy 
curing agent— the cycle is allowed to 
proceed for pouring of the next ingredi- 
ent. If the weights arc not acceptable, 
the cycle stops automatically. For it to 
resume, an ‘‘accept off-tolerance” key 
in the possession of the supervisor must 
be inserted and turned. 

Air Removal 

The mixed propellant is deaerated 
to remove trapped air to produce a 
denser batch and prevent uneven burn- 
ing resulting from voids. After deaera- 
tion, the propellant is drawn into an 
empty casting can surrounded by a hot 
water jacket for transportation of the 
mix to the casting pit. 

The propellant, now with a con- 
sistency of peanut butter, is fed through 
the lid of the vacuum bell, through a 
slit plate into the motor case. The re- 
duced pressure in the vacuum bell 


WIN 

THIS CAR! 



Not a toy, but a genuine, fully- 
restored, full-size 1925 Dodge— 
that’s the prize in Budd Electron- 
ics’ big Chowder Bowl giveaway! 

What does it take to win? No 
slogans, puzzles or box tops— just 
your name in the bowl from which 
we’ll draw the winner’s name on 
the final day of the Eighth Nation- 
al Communications Symposium 
of the I.R.E. at Utica, N.Y., Octo- 
ber 1 through 3. 

How do you get into the Chow- 
cer Bowl? Easy. First of all, mem- 
bers of the Budd Electronics Chowder 
and Marching Society will automat- 
ically receive entry forms. If you 
are not already a member, write to 
Chowder Bowl, Budd Electronics, 
43-22 Queens St., Long Island 
City 1, N. Y., giving your name, 
organization, business address, 
title and brief description of job 
responsibilities ... or give this 
information to any Budd Elec- 
tronics Field Representative. If 
you’re actively engaged in some 
aspect of specialized data han- 
dling or display, RF systems, en- 


vironmental control or heat ex- 
change systems, earth sciences, 
spacecraft testing or fields related 
to these . . . you’re in! 

This offer is not good in locali- 
ties where prohibited by law. 

You don’t have to be present at 
the drawing to win . . . and you 
don't have to worry about deliv- 
ery costs if you win— we’ll pay 
them within the continental U.S. 

So 23 Skiddoo! Hop in! Write 
now for your entry form! 



Note "2: In case you're curious, we're 
giving away this particular car because 
it incorporates the all-steel body pio- 
neered, developed and produced by 
Budd 'way back in the flapper days. You 


as a space vehicle. The lucky winner 
will get it completely refitted for earth 
travel. Giving it away is our way of 
reminding you that Budd's tradition of 
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LUNAR RECONNAISSANCE is a Bendix program involving the design of roving vehicles systems, 
both manned and unmanned. It is one of several Bendix programs in the deep space sciences. 
If you are an engineer or scientist in the space technologies, and would like to join this team 
for greater personal recognition and opportunity, please contact our Personnel Director, 
Bendix Systems Division, Ann Arbor, Michigan— an equal opportunity employer. 


Bendix Systems Division 


WHERE IDEAS 
UNLOCK 
THE FUTURE 



facilitates drawing the propellant into 
the motor case. Thirteen batches, fed 
continuously, are required to fill the 

The vacuum bell next is brought to 
ambient pressure and doubles as a cur- 
ing oven. Air at about HOF is forced 
in at the bottom of the bell, circulates 
between it and the motor case, and is 
drawn out at the top of the bell. The 
curing period is approximately two days 
and is followed by a two-day cool-down 
to SOF, ±20F. The cooldown prevents 
differential shrinkage which could result 
in stress cracks. 

The core mandrel is removed with a 
bridge crane by remote control and 
monitored by TV camera. The filled 
motor case, with casting sleeve attached 
and containing an excess of grain longi- 
tudinally is subjected to radiographic- 
inspection to detect contaminants, 
voids, air bubbles, cracks, and separa- 
tion of grain from case wall. 

Casting Inspection 

The inspection is conducted with a 
Varian 13.5 mcv. linear accelerator with 
the motor case in a horizontal posi- 
tion. X-ray film supported on a boom 
is fed incrementally through the core 
and both points of one of the star- 
slots. This procedure is repeated in 
the other two star-slots, with the case ro- 
tated to the new position each time. 
Inspection process now takes about 16 
hr., but probablv will be reduced to 
12 hr. 

Casting sleeve is removed and excess 
grain at the aft end of the motor is 
trimmed with a cutter which removes 
very thin layers of material down to a 
prescribed depth. A catcher placed in 
the core prevents grain scraps from 
falling into the rocket motor, and after 
cut back the scraps are removed by a 
vacuum cleaner. The entire operation 


is controlled remotely and watched 
with a closed-circuit TV camera for 

A torque plate is attached to the 
motor aft closure, which is degreased, 
then insulated to withstand the exhaust 
gases at 5.500F and moving at 6.500 
fps. which contain small particles of 

erosion. Insulation consists of a layer 
of Abite (asbestos polymer) developed 
by Thiokol, topped by a layer of phe- 
nolic-impregnated glass fibers. The in- 
sulation is applied as four prc-molded 
segments and extends into the blast 
tubes (exhaust ports), which have an 
additional l-in.-thick machined graph- 
ite insert bonded to the phenolic. 
Wing 2 Missiles 

For Wing 2 Mmutcman missiles, 
the aft closure will contain an insert 
of propellant grain about .6 in. thick, 
covered with an inhibitor to slow the 
burning rate. In addition to serving as 
insulation against hot gas impingement, 
this layer of propellant grain will pro- 
vide additional thrust. 

The aft closure is screwed onto the 
case using a breech lock joint which re- 
quires only a 90-deg. turn. Developed 
by GM’s Allison Division, the joint 
design was selected after evaluation of 
hundreds of others and is considered 
the lightest way to do the job. The 
locking operation is controlled remotely 
because it involves metal-to-nictal con- 

Longitudinal clip on the side of the 
motor case serves to attach a raceway, 
or conduit, for electrical wiring from 
the guidance system to the motor pow- 
ering the hydraulic system for nozzle- 
actuation. 

Nozzles, supplied bv Arde/ Portland, 
Portland, Me., and Kaiser Aircraft, 
Oakland, Calif., are bolted to the 


HYDRAULIC 

SYSTEMS 


PROTECTED AGAINST 
IN-FLIGHT FAILURE 
with 

LISLE 

CHIP 

DETECTORS 

Ferrous particles in hydraulic fluid 

ternal breakdown but a major 
cause of hydraulic malfunction 
and excessive pump wear. 

Lisle Magnetic Chip Detectors 
offer detection before in-flight fail- 
ure. A magnet in the Chip Detector 

particles bridge an electrically in- 
sulated gap. activating a warning 
light on the instrument panel. 
Lisle Chip Detectors are also wide- 
ly used in jet and reciprocating 
engines, accessory drives, etc. 


AVIATION WEEK ond SPACE TECHNOLOGY, 






flanges of the blast tubes on the aft 
closure, and are aligned optically. Dual 
sources provide many components to 
prevent bottlenecks and to encourage 
competitive price competition. 

Nozzle makeup consists of a fixed 
steel portion at the base, separated from 
the movable part of the nozzle by a 
Virton O-ring seal. The movable part 
of the nozzle has a steel shell to approxi- 
mately the actuator attach point. The 
exit cone beyond this is H. I. Thomp- 
son phenolic-impregnated Refrasil 
backed by a plastic liner. Nozzle throat 
insert is tungsten with a carbon backup 
consisting of six graphite rings rang- 
ing in cross section from about i in. 
square at the forward end to about 1 
in. square at the aft end. 

A carbon liner also extends from the 
throat to the point on the nozzle exit 
cone where the expansion ratio is about 
4 to 1. 

Plastic Insulation 

A plastic insulation— Avco’s Avcote— 
is deposited automatically by a spray- 
head which moves longitudinally as the 
motor is rotated in a horizontal position. 
This coating protects the motor from 
external heat and ablates during flight 
out of the solo and in the atmosphere. 
During the curing of the Avcote, which 
takes 16 hr., the case joints are leak 
tested by pressurizing with nitrogen on 
the inside and using a sniff tester on 
the outside. 

Weight and center of gravity of the 
motor are determined with the unit 
in a horizontal position. 

The handling harness is removed and 
a Boeing shipping harness is substi- 
tuted. 

Motors are stored in above-ground 
concrete and earth bunkers, two motors 

Flow time is about 35 days from the 
time case processing begins. This is 
expected to be reduced by about one- 
third as Plant 78 learning curves im- 
prove . 

Plant History 

Thiokol’s Wasatch Division plant 
originally was established on 14,000 
acres of company-held land (AW Apr. 
25, 1960, p. 54). Approximately 1,555 
acres were deeded to the U. S. govern- 
ment on which to erect Air Force Plant 
78. Thiokol established the definitive 
criteria for Plant 78 for the Air Force 
and also was responsible for its design 
and construction. It encompasses 112 
structures and has 470,000 sq. ft. of 

Architect and engineering contractor 
was Ralph M. Parsons Co. 

Thiokol's cost estimate for the plant 
was $29.2 million but final estimates 
indicate that the cost will be approxi- 
mately $25 million. 

The plant is expected to be com- 


MASER CONTROL PANEL for four mix buildings shows consoles equipped with schematics 
of the mix cycle. Maser control closely monitors weight tolerances. 


CUTTING TOOL is used to trim excess grain after propellant casting on Thiokol first stage. 
Three cutting edges successively trim thin layers of grain to a prescribed depth. Middle 
blade performs the initial cutting and then is followed by the blade at right. The left 
blade performs the final cut on the grain. 


pletely operational by the last quarter 
of this year. 

Thiokol's R&D facility adjacent to 
Plant 78 now is handling the develop- 
ment phase for the Minuteman Wing 2 
first stage, as well as conducting funda- 
mental research in rocket motor mate- 
rials, including ceramics, metals, and 
plastics. Under a contract with the Air 
Force, Thiokol, through subcontractors 
including Lamtex Industries of New 
York, and Black, Sivalls and Bryson of 


Ardmore, Okla., has built four first- 
stage-size glass filament wound motor 
cases for hydrotest. 

All of these motor cases exceeded re- 
quirements, but were heavier than origi- 
nally contemplated. 

(This is the first of three articles on 
production of the three rocket motor 
stages of Air Force’s Minuteman ICBM . 
The second article, on the Aerojet-Gen- 
eral second stage, will appear in next 




How many of these do you know? 


They’re all from CEC - instruments for measuring 
and recording physical and chemical phenomenon . . . 
analytical instruments... process control instrumen- 
tation . . . high vacuum technology. They deliver one 
important end product: FACT— mathematical fact 
-vast amounts of data obtained quickly, accurately 
and reliably. If information is a key element in your 
industry . . . whether in research and development 
or in production . . . CEC instrumentation may be of 


service to you. Why not find out? A call to your 
nearby CEC sales and service office will bring an 
expert to consult with you — or your request will 
bring our new 28-page brochure describing CEC’s 
capabilities. Ask for Bulletin CEC 202. 

CEC/Bell & Howell 

CONSOLIDATED ELECTRODYNAMICS, Pasadena, California, divisions: 
ANALYTICAL 4 CONTROL • TRANSDUCER • DATA RECORDERS 
DEVAR-KINETICS • subsidiary; CONSOLIDATED VACUUM CORPORATION 
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Where thrust is a problem . . . 
look to FAFNIR for ball bearings 


Today’s jet engines pack a powerful punch. Thrust runs 
to 20,000 pounds and more. Fafnir main rotor ball bear- 
ings carry the lion’s share of the thrust load in many of 
these engines. And each bearing meets critical precision 
requirements. For leadership in ball bearings . . . look to 
Fafnir. The Fafnir Bearing Company, New Britain, Conn. 





POWERFUL NEW EVES 

FOR THE CANADIAN FOURTH BRIGADE 


West Germany: CH-112 light helicopters 
operate in the vanguard of the 4th Canadian 
Infantry Brigade. As in combat missions, the 
CH-112's frequently maneuver below treetop 
level serving as the aerial eyes for the Canadian 
ground command along the EastGermanfrontier. 
For this tough "nap-of-the-earth" flying, the 
Canadian Department of Defence selected the 


most powerful military helicopter in its class. 
Its commercial counterpart, the Hiller 12E, has 
becomethe first choice forgovernment and com- 
mercial use in fourteen nations on six continents. 

For the full story on the Hiller growth-planned 
family of helicopters — the H-23D, H-23D-1 and 
H-23F, write us: HILLER, 1350 Willow Road, 
Palo Alto, Calif. 



65 





Why so many? 


We admit it. 

Amphenol, more than any other 
connector manufacturer, accepts re- 
sponsibility for confronting you with 
a seemingly endless selection of rack 
and panel connectors. 

For some uses, a ten-contact con- 
nector the size of an Idaho potato will 
do just fine. In others, ten connections 
must be squeezed into a space no 
bigger than a jelly bean. Still other ap- 
plications have unique requirements 
that relate to environment or mating 
force — even the technical skill of the 
operator. 

We make a lot of different rack and 
panel connectors because it takes a 
lot to satisfy the wide range of appli- 
cations. 

For example: the Amphenol Blue 
Ribbon® rack and panel connector 
is widely used in 'blind' mating ap- 
plications. Part of Blue Ribbons' pop- 
ularity is due to the fact that they 
mate with a smooth and gradual 
wedge-like force. Because they mate 
so smoothly, the "feeling" of correct 
alignment is unmistakable. 

Another advantage of the Blue 
Ribbon design is the wiping action 
that occurs as connectors mate. Each 
time Blue Ribbons are mated, contact 
surfaces are wiped clean. Combine 
wiping action with high mated contact 
pressure, and the result is an extreme- 
ly low-resistance connection. 

THINKING SMALL? 

As fine a connector as we know the 
Blue Ribbon is — it's just not right for 
the real tiny stuff. Thus, as miniaturized 


electronic equipment became popular, 
Amphenol engineers developed the 
Micro Ribbon® — a rack and panel 
connector utilizing the ribbon contact 
principle, but in as little as one-half the 
space. Further development produced 
a circular Blue Ribbon connector 
which crammed 50 contacts into a 
diameter just under 3 inches. 

Also, there’s the question of termi- 
nating rack and panel connectors. 
Often, confined quarters or complex 
wired harnesses can tax the dexterity 
of even the most skilled worker 
To solve this problem, Amphenol 
engineers developed rack and panel 
connectors with Poke-Home® con- 
tacts. Poke-Home contacts make it 
possible to terminate conductors inde- 
pendent of the connector. Contacts are 
crimped, soldered, or even welded to 
conductors, then inserted into the con- 
nector. Besides simplifying assembly, 
Poke-Home contacts can be easily re- 
moved after assembly should circuit 
changes or repairs later become neces- 
sary. Needless to say, Amphenol rack 
and panel connectors with Poke-Home 
contacts (Min-Rac 17®, 93 and 94 
Series, for example) are popular items 
with engineers who are forced to think 
small, spacewise. 

BEATING THE ELEMENTS 

There’s a need for environmentally 
resistant rack and panel connectors, 
too. High performance aircraft, missiles 
and space craft led to the development 
of Amphenol 126 and 217 Series en- 
vironmentally sealed rack and panel 
connectors. (The 217 offers the added 
feature of Poke-Home contacts.) Other 
Amphenol rack and panel connectors 


can accommodate coaxial connectors: 
many can be supplied with hermeti- 
cally sealed contacts. There are rack-to- 
cable connectors available in every 
series. There are super-economy types 
and super-reliable types. 

So, when you have a rack and 
panel connector problem, contact an 
Amphenol Sales Engineer (or an au- 
thorized Amphenol Industrial Distrib- 
utor). With the broadest line of rack 
and panels in the industry — if he can’t 
solve it, no one can. If you prefer, 
write directly to Dick Hall, Vice Presi- 
dent, Marketing, Amphenol Connector 
Division, 1830 South 54th Avenue. 
Chicago 50, Illinois. 



conlocls ond (b) solder-type contacts 2-94 
Series 3— Micro-Ribbon 4—124 Series 
Rectangular 5— 93 Series 6-Blue Ribbon 

zolion ond (c) keyed shell ond barrier polar- 
izotion 7— 126 Series “CNI" 8— 126 Series 
Hexogonol 9 — Circular Blue Ribbon 


( K37i I lJ ? 1 j MlB ) Connector Division / Amphenol-Borg Electronics Corporation 






JUNE 29,1927 HAWAIIAN ISLANDS 


Yesterday — Engines throttled to an easy 
drone, the big Fokker banked gently around 
the dawn pink island of Kauai. For the two 
tired, grinning men in the cockpit, no sight 
could surpass that surf and white coral sand. 
Army Air Corps Lts. L. J. Maitland and A. F. 
Hegenberger went on to land at Wheeler Field, 
Honolulu. From Oakland, Calif., they’d flown 
2.118 trans-pacific miles and hit the Hawaiian 
Islands smack on the nose. It took 25 hours, 
49 minutes. 

Theirs was another “first” that helped aviation 
grow up... another “first” flown with Standard 
Red Crown Aviation Gasoline. 


Today — More than 4,000 scheduled flights 

Most are jet. Wheels up... 5 hours... wheels 
down. Miles measured in watch ticks. 

But it's the same big ocean. And aircraft 
engines, whether jet or piston, still must 
deliver power every mile of the way. A major 
share of Hawaii Bound power comes from 
Chevron Aviation Fuels. 

Chevron fuels have an outstanding record un- 
der severe flight conditions. Delivered clean, 
they flow freely at the coldest altitudes. 
They’re blended for a smooth, complete burn. 
Fly better with “Chevron.” 


STANDARD OIL COMPANY OF CALIFORNIA 
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Flexible-Design Microcircuits Developed 


By Philip J. Klass 

Versatile new technique for fabri- 
cating epitaxial semiconductor micro- 
circuits, which is expected to slash the 
time and cost required to produce cir- 
cuits tailored to an equipment design- 
er’s needs, has been developed by Gen- 
eral Electric’s Semiconductor Products 
Department, Syracuse, N. Y. 

New GE process, which permits 
fabrication of a variety of different 
circuit functions on a single silicon 
wafer, also provides a novel means for 
checking the reliability and character- 
istics of components in the microcir- 

The new GE technique should ease 
a major obstacle to widespread use of 
semiconductor microcircuits. Previously, 
equipment designers either had to adapt 
their designs to use a limited number 
of available standard circuits or pay for 
costly tooling and accept a delay of 
several months in delivery to obtain 
custom-designed microcircuits. 

Seven different types of computer 
logic microcircuits fabricated by the 
new process arc now available in sam- 
ple quantities, the company says. 
Within several months, GE expects to 
be ready to fabricate microcircuits to 
special customer designs. 

Where previous processes fabricate 
many identical and complete circuits 
on a single semiconductor wafer, GE 
initially produces a checkerboard array 
of unconnected components, 1,100 
transistors and 4,200 resistors on a 1-in. 
dia. wafer. 

Onlv in the concluding step of the 
process are the transistors and resistors 
to be used interconnected by the deposi- 
tion of aluminum film conductors to 


fonn the desired circuit function. 

Manufacturing cycle time for pro- 
ducing this array of components by 
epitaxial techniques may require as 
long as a month, but these can be mass 
produced and stocked in quantity in a 
few basic types. When a specific cus- 
tomer circuit requirement is received, 
it is only necessary to prepare an alumi- 
num interconnection mask and to de- 
posit these conductors on a basic com- 
ponent array. GE estimates that this 
will enable it to turn out custom-de- 
signed microcircuits in two weeks com- 
pared to 10 weeks or longer needed with 
more conventional techniques. 

The transistors produced in the new 
microcircuitry process by an epitaxial 
technique have performance compa- 
rable to the general purpose Type 
2N914, with an alpha cutoff frequency 
of about 250 me. 

The resistors, each 3,000 ohms in 
resistance, arc tapped to provide the 
equivalent of a 1,000 ohm and a 2,000 
ohm resistor in series. These basic re- 
sistors are fabricated in packs of two, 
four and six elements and located so 
that 30 or more can be conveniently 
interconnected in series, parallel, or 
series-parallel, to achieve desired re- 
sistance and power handling capability. 


Microcircuitry Meeting 

Washington— Two-day conference on 
recent developments in microcircuitry 
will be held on Sept. 25-26 by Navy 
Department at the Interior Department 
Auditorium in Washington. Conference 
will include a report on Navy programs 


In the area of a semiconductor chip 
measuring 0.1 x 0.1 in., in size suit- 
able for mounting in a standard TO-5 
transistor can, a total of 18 transistors 
and 66 tapped 3,000-ohm resistors can 
be fabricated. Where a diode is re- 
quired in the circuit, a portion of a 
transistor is used for this function. 

For the present, the GE technique 
is limited to producing resistors and 
semiconductor active elements, but the 
company is working on diffused semi- 
conductor capacitors and also consider- 
ing the possibility of deposited thin- 
film type capacitors. 

However, GE’s Advanced Electronics 
Center, Ithaca, N. Y., has developed 
a new type of computer logic circuitry 
which needs only resistors and tran- 
sistors and can therefore be produced 
using the presently available techniques. 
This new circuitry, called emitter- 
coupled logic operators (Eclo), employs 
a negative logic in which a voltage of 
0.7 v. represents a "zero” and 0.1 v. 
represents a “one.” 

The new logic can be used in a d.c. 
mode or clocked from pulses or a 
sinewave. A clock rate of two mega- 
cycles has been achieved with a total 
dissipation of only six milliwatts per 
half-shift register using the new logic, 
GE says. Tne new logic circuitry, us- 
ing emitter-follower gate inputs, elimi- 
nates current-hogging problems experi- 
enced with other types of microcircuit 
logic, the company says. 

Seven logic functions now available 
in sample quantities include a half-shift 
register, a majority logic gate, a four 
inverter package, three double-pair 

S ates, a three-input AND gate, a logic 
ip-flop .and an AND-OR double gate 
circuit. These arc housed in a stand- 
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FILTER CENTER 


ard 10-lead TO-5 package, but the com- 
pany plans also to market its microcir- 
cuits in a flat package at a later date. 
Price of samples will be about SI 00. 

Semi-monolithic construction of 
microcircuits fabricated by conventional 
processes makes it difficult to measure 
the operating parameters of individual 
components within the circuit, accord- 
ing to U. S. Davidsohn, of GE's Semi- 
conductor Products Department. 

In the new process, GE reserves 
small clusters of transistors and re- 
sistors at different locations around the 
large silicon wafer surface for test pur- 
poses and does not interconnect them 
into a circuit function. When the 
aluminum conductors are deposited, 
each of the hundred or more func- 
tional circuits and each cluster of test 
components is given an alpha-numeric 
identification which indicates its orig- 
inal location on the wafer. 

When the wafer subsequently is cut 
into small chips, those with uncon- 
nected components can be subjected 
to rigorous tests. If these reveal sub- 
standard performance or reliability, 
functional microcircuits which came 
from the same area of the same wafer 
also are suspect, and these can be lo- 
cated by means of the chip identification 
codes and sorted out for rejection. 

Semiconductor Products Depart- 
ment is preparing a handbook for 
equipment designers describing tech- 
niques for converting a conventional 
circuit design to the new microcircuit 
format. The company will provide 
large work-sheets, each a greatly en- 
larged copy of the basic arravs of com- 
ponents, which circuit designers can 
use to lay out the required component 
interconnections. These can then be 
used to prepare the masks for deposi- 
tion of the aluminum conductors. 



Eyeglass Display 


Eyeglass display enables pilot or operator to 

posed on direct view of foreground. Devel- 
oped by Bell Helicopter Co. and Optic- 
Electronic Co., Dallas, system uses 100,000 
fibers to transmit remote readings and pro- 


► Annv To Push Micro-Modules— Army 
and Radio Corporation of America will 
attempt to win industry converts for 
their Micro-Module approach to minia- 
turization to counter growing interest 
in thin-film and semiconductor micro- 
circuitry. Under Army sponsorship, P. 
R. Mallory & Co. is building an auto- 
mated assembly line capable of turning 
out more than 200 Micro-Modules a 
day, which can be expanded to produce 
1,000 per day. In effort to spur their 
use. Army and RCA will report impres- 
sive results of extensive reliability tests 
on the Micro-Modules. However, com- 
panies building avionics for Bureau of 
Naval Weapons and the Air Force find 
these services generally prefer thin-film 
and semiconductor microcircuitry. 

► Dual Laser Action Reported— Simul- 
taneous laser emission from two differ- 
ent materials, neodymium and ytter- 
bium ions in silicate glass, has been re- 
ported by scientists at the Naval Re- 
search Laboratory. Operating at liquid 
nitrogen temperature, the laser emits 
both at 1.06 microns and 1.015 microns, 
the fonner due to neodymium and the 
latter due to ytterbium. 

► Tliin-Film Active-Element Program- 
Romc Air Development Center plans to 
sponsor a program to develop tech- 
niques for depositing active thin-film 
elements for use in microcircuitry. (For 
a report on Sylvania’s thin-film active- 
clement program, sec AW Apr. 30, p. 


► Bionics Conference Scheduled— Air 
Force's Aeronautical Systems Division 
and Aerospace Medical Division will 
jointly sponsor a bionics symposium in 
Dayton, Mar. 19-21, 1963. Theme of 
program will be Information Processing 
by Living Organisms and Machines. 
Persons wishing to deliver reports should 
submit 200-word abstracts by October 
5. Address them to ASRNEB-3, Bionics 
Symposium, Wright-Pattcrson AFB, 
Ohio. 

► Single Sideband Laser Modulator— 
Electro-optical modulator for lasers, 
which produces a suppressed-carrier 
single sideband, permitting rapid tuning 
of the impressed signal, has been devel- 
oped by General Telephone & Elec- 
tronics Laboratories, Bavside, L.I., N.Y. 
Tire technique has been demonstrated 
using audio frequencies but is expected 
to be adaptable to radio and microwave 
frequencies, according to Sylvania. Out- 
put from a helium-neon gas laser is first 
converted to left-circular polarized 
energy by passing it through a quarter- 


wave birefringent plate. The beam then 
passes through two crystals of potassium 
dihydrogen phosphate (KDP). A mod- 
ulation voltage of about 2,000 v. peak 
amplitude is used to produce fields in 
the crystals which cause part of the left- 
circularly polarized beam energy to be 
converted to right-circularly polarized 
light at the modulation sideband fre- 
quencies. The relative amounts of up- 
per and lower sideband light depend 
upon the relative phase of the modula- 
tion voltages on the crystals and the rela- 
tive orientation of the crystals about 
their optic axes. Light at the lower side- 
band frequency is extinguished by mak- 
ing the phase of the voltage on the 
second crystal lag that on the first by 
90 deg. and rotating the second crystal 
by 43 deg. relative to the first. The light 
emerging from the second crystal, con- 
sisting of left-polarized light at the laser 
carrier frequency and right-polarized 
light at the upper sideband frequency, 
is passed through a second quarter-wave 
birefringent plate and plane polarizer 
which block the left-polarized carrier 
and permit only the upper sideband 
light to pass through, company reports. 

► Changing Industry— Micronetics, Inc. 
is new company formed to specialize in 
microwave instrumentation, with em- 
phasis on using short pulse widths rang- 
ing from 0.4 to 50 nanoseconds. Micro- 
nctics. headed by Robert E. Homer, is 
located at 5221 University Ave., San 
Diego 5, Calif. Other recent industry 
changes include the following: 

• Strand Engineering Co., Ann Ar- 
bor, Mich., has been acquired by Bur- 
roughs Corporation and will become a 
Michigan unit of the Burroughs Labora- 

• Mark Systems, Inc., Los Altos, Calif., 
is newly formed company which will 
specialize in development of electro- 
photo-optical products for use in graphic 
data acquisition, reduction, analysis and 
display. New company, headed by Ber- 
nard P. Marcus, is a subsidiary of Allied 
Research Associates, Inc. 

► Flying Radio Station— Mobile broad- 
cast station, capable of being trans- 

orted by helicopter, has been ordered 

y Army Signal Corps from Gates Radio 
Co. The station is designed to be trans- 
ported anywhere and quickly put on the 
air to reach a civilian population or 
enemy forces. Station will have a 1 50 
ft. high telescoping antenna and a 50 
kw. standard AM transmitter as well as 
a 50 kw. short-wave transmitter. First 
system, being built under SI. 2 million 
contract, is scheduled for delivery in 10 
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Automatic Data Aids to Speed Air Traffic 


Washington — Federal Aviation 
Agency's plan for improving the na- 
tional airspace utilization system is 
based on the use of automatic data 
processing and display equipment which 
can be implemented on a gradual step- 
by-step basis, with full implementation 
expected by 1969. 

Each of the FAA's air route traffic 
control centers is expected to have a 
full complement of automation equip- 
ment, as will 1 0 or 15 major terminal 
area control facilities. Smaller terminal 
areas will be given less automatic, less 
complex facilities. 

A detailed blueprint of this and other 
aspects of the FAA program, prepared 
during a year-long study by a panel of 
agency experts, is contained in a 700- 
page report released recently (AW Aug. 
20, p. 41). A briefer report, summar- 
izing highlights of the plan, is being 
printed for widespread distribution to 
industry in September. The proposed 
plan is not "set in concrete" and will be 
subject to periodic review and possible 
revision, according to Robert J. Shank, 
Deputy Administrator for Development. 


Here is the sequence of implementa- 
tion recommended for automatic data 
processing and display under the new 
FAA program: 

• Digital computer added to store and 
process flight plans, compute estimated 
time of arrival and update flight plans 
from data introduced by controller 
through keyboard. 

• Composite bright display, plan-view 
cathode rav tube type, showing both 
aircraft equipped with radar transpond- 
ers and unequipped aircraft spotted by 
primary radar. T ransponder-equipped 
aircraft display would be accompanied 
by alphanumeric tag which shows air- 
craft identity and altitude, obtained 
from transponder. 

• Compntcr-radar display intercon- 
nected so that cathode ray tube can 
now display computer estimated posi- 
tion for all aircraft, based on their 
flight plans, in addition to their radar 
position. This can be used to help con- 
troller identify aircraft not equipped 
with transponders, and to periodically 
update the stored flight plan to make it 
correspond to actual aircraft position. 


To update stored flight plan, controller 
will operate a small joystick to maneuver 
computer predicted aircraft position 
into coincidence with the airplane's 
radar blip. 

• Automatic tracking of both primary 
radar and transponder signals so that 
each is identified and continuously cor- 
related with corresponding flight plan 
stored in the computer. This would 
permit continuous automatic updating 
of stored flight plan and provide the 
controller with positive identification of 
each aircraft on his display. 

• Automatic computer evaluation of the 
situation will next be introduced, in 
which controller is automatically alerted 
to situations demanding his attention. 
For example, pending transfer of con- 
trol, a potential conflict between two 
aircraft in the present or more distant 
future. This will be the first use of the 
computer as a “check" on the human 
operator. 

• Computer recommended solutions for 
conflict situations which it detects. For 
example, computer may recommend 
new route and/or altitude to avoid up- 
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From 1200 miles 





to 1500 miles... 


to 2500 miles... in just two years 




That's how the Navy-Lockheed team has 
increased the range of the Polaris missile 
since it became operational in 1960. 

And they've done it without increasing 
the diameter of the missile or its launch 
tubes. This means that all Polaris subma- 
rines are basically capable of carrying 
all three generations of the missile. Now 
being flight tested, the A-3 will be oper- 
ational in 1964. Like its predecessors, it 
is a year or more ahead of the Navy’s 
original schedule. To meet the demands 
and deadlines of today’s major weapon 
and space programs, Lockheed Missiles & 
Space Company has brought together 
more than 25,000 scientists, engineers and 
technicians. . .equipped them with research 
laboratories, test equipment, and produc- 
tion facilities to handle the most difficult 
assignments. The constant aim of LMSC 
management is to coordinate the talents 
and facilities of industry, the military, and 
government and academic groups for total 
development of successful major weapon 
systems — such as the Polaris missile. 
LOCKHEED MISSILES & SPACE COMPANY 


FINEST FAMILY 
OF MINIATURE 
ACCELEROMETERS 



This family of versatile accelerome- 
ters offers standard models for virtu- 
ally any acceleration-measurement 
requirement... in 10 standard ranges 
from ±lg to ±500g. For tri-axis meas- 
urement, see opposite page. Outstand- 
ing features include: small size, light 
weight, precision construction for long 
life and superior performance. You 


can depend on the calibration figures 
that accompany each instrument. 
More than 15 major checks are used 
to prove performance. All CEC accel- 
erometers are compatible with a wide 
range of associated CEC instrumen- 
tation. For complete specifications, 
write for CEC Bulletin 4202-X22,or 
call your CEC sales and service office. 


coming conflict, as well as devising 
I climb/ descent profiles for aircraft in- 
volved to prevent conflict with other 
aircraft. 

• Automatic flow control, in which com- 
puter is used to analyze projected flights 
throughout the area under a traffic con- 
trol center’s jurisdiction to detect possi- 
ble overloads which might saturate the 
system, and to recommend alternative 
routes which will prevent such overloads. 
Later, this would be expanded to en- 
compass the entire nation. 

Vortac System 

The last two functions are sufficiently 
far in the future that they are subject 
to change, and to later appraisal as to 
the cost-effectiveness, the FAA report 

The present Vortac system appears 
suitable for navigation needs through 
the 1975 period considered in the FAA 
report, although expansion and some 
1 modification may be required. 

, In the Northeast portion of the U. S., 

1 there are areas where VOR stations are 
10 mi. or less apart, raising frequency 
allocation problems. This high density 
results from the use of VOR to provide 
parallel departure routes and as let- 
down aids at military bases. The use 
of a small, low-power VOR solely as a 
terminal area let-down aid (TVOR), is 
“wasteful”, the FAA report says, be- 
cause it compounds the frequency al- 
location problem and makes only lim- 
ited use of the facility'. 

The report calls for the development 
of a low-cost distance measuring equip- 
ment (DME) for use with a TVOR to 
enable it to provide more complete en- 
route sendee as well as serving as an 
airport approach aid. A more ideal 
solution, the report suggests, would be 
the development of a low-cost ILS in- 
strument approach facility for use at 
low-density airports instead of using a 
TVOR. 

Doppler Aids 

Self-contained Doppler navigation 
aids are expected to find increased use 
for domestic operations, as are pictorial 
displays and off-course computers. Route 
segments set into the Doppler course- 
distance computer can be selected to 
correlate with Vortac reporting points 
which can be used for periodic correc- 
tion of accumulated errors in the Dop- 
pler system. 

Inertial navigation equipment “is still 
too expensive and unproven to be con- 
sidered economically practical for civil 
use,” the study says". 

“Furthermore, there is some ques- 
tion as to whether or not there are 
unacceptable operational burdens in- 
volved in the use of (inertial) equip- 
ment,” the study concludes. 

Use of the old low/medium fre- 
quency ranges must be phased out, in- 
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eluding the compass locator used to 
locate the ILS localizer. The compass 
locator will be the last to go, and FAA 
must provide a substitute method of 
transition guidance, the report warns. 
Hie logical replacement would be a 
DMF. installed at the ILS facility. 

Voice communications will remain 
the primary means by which the traffic 
controller exercises ATC control 
through 1975. the FAA study con- 

The study acknowledges that pilots 
complain of difficulty in gaining access 
• to a free voice channel. While admit- 
ting that more channels are needed than 
are presently available, the report points 
out that in some cases the delay is due 
to the controller’s occupation with other 

Radio Time Cut 

The situation should be improved 
when radar transponders equipped with 
automatic aircraft altitude reporting 
come into use. A study of high-activ- 
ity sectors in the New York ARTC 
center indicates that eliminating air- 
craft position and altitude reports saves 
58% of the total radio time. When 
unknown traffic advisories are also 
eliminated, as is being done in positive 
control airspace today, the reduction 
would increase to 47%. 

Where the bottleneck occurs is the 
unavailability of the controller rather 
than lack of radio channels. The addi- 
tion of computers to compute esti- 
mated time of arrival, to update flight 
plans, should ease the controller work- 
load and thereby increase his availabil- 
ity for communications with pilots, the 
FAA report concludes. 

The FAA report suggests that addi- 
tional channels could be provided if 
geographical separation between stations 
operating at the same frequency is re- 
duced, perhaps using directional anten- 
nas to reduce possibility of interference. 
Other possibilities include reduced sep- 
aration between stations whose fre- 
quencies differ bv 50 kc. (adjacent chan- 
nel) or by using frequencies separated 
by 100 kc. at the same site. 

To provide coverage of areas larger 
than technically possible with a single 
VHF or UHF’ transmitter, particularly 
for high-speed aircraft, FAA proposes 
to study both the offset-carrier tech- 
nique pioneered in Great Britain and 
now used by Aeronautical Radio Inc. for 
some airline communications, as well 
as the use of switching controls which 
would enable controller to select desired 
transmitter location. 

The role and feasibility of data link 
in air traffic control are still uncertain, 
the FAA report says. However, several 
recent trends make its introduction for 
specific applications more favorable after 
1970, it adds. The FAA will continue 
to investigate these applications and 


FIRST 

MINIATURE TRI-AXIS 
ACCELEROMETER 



A new instrument, CEC’s Type 4-204 
Tri-Axis Strain Gage Accelerometer 
is the smallest and lightest of its type 
—measures three axes of acceleration 
on a single mounting surface. Range 
of each axis (±5g to ±500g) is factory 
selectable. Provision is made inside 
the transducer case for electrical 
temperature compensation. Perform- 


ance characteristics are outstanding. 
Cross axis response: less than O.Olg/g. 
Linearity and hysteresis combined: 
not more than ±0.75%. Operable 
temperature range: -70°F to +300°F. 
For complete data, call your nearest 
CEC sales and service office or write 
for Bulletin CEC 4204-X2. When you 
think of transducers, think of CEC. 
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Now available... 


ARMA'S 
experience in 
Aerospace 
Ground 
Equipment 



ARMA — creator of the Atlas inertial guidance system — has engineered 
and produced almost $2 billion of complex systems and components over 
the past four decades. This performance-proved ability is now available 
to aerospace contractors for the production and development of a wide 
range of systems and components in the areas of electronics, computers, 
inertial components, servomechanics and hydraulics. It includes: 

Launch monitoring and control systems • Automatic checkout and test 
equipment ‘Ground handling equipment ‘Trainers and test simulators* 
Depot and factory test equipment. 

Complete details on production facilities and se: 
ices are contained in booklet AGE-1. Write G 
porate Government Marketing, Anna Divisii 
American Bosch Anna Corporation, Garden Ci 
New York. 

AftAWA D. VIS. ON 

AAWC/ttCA/V BOSCH XtBSt/X COHfH>BATfO/V 



to support a limited development of 
feasible techniques and components. 

After considering a variety of tech- 
niques, the FAA study team concludes 
that the radar beacon system (sec- 
ondary radar) is the most attractive and 
available technique for obtaining infor- 
mation automatically on aircraft posi- 
tion and its barometric altitude. 

The report even goes so far as to 
suggest that the cost of the ground 
facilities could be cut considerably if 
secondary radar (beacons) was used en- 
tirely and primary radar were elimi- 
nated. However, it acknowledges that 
this is predicated upon the successful 
development of a low-cost, lightweight 
transponder suitable for small private 
aircraft, and that there might be inter- 
ference problems. 

The present system design plan there- 
fore is based on the use of both primary 
and secondary radar. 

Altitude Radar 

The FAA study team concurred with 
the original Project Beacon report con- 
clusion that a height-finding radar is 
not sufficiently accurate at long range 
to serve as the basic source of aircraft 
altitude data. However, the recent study 
does suggest that a height finding radar 
may be a useful aid in a terminal area, 
particularly for use with aircraft which 
are not equipped with an altitude-re- 
porting transponder. The FAA there- 
fore plans to continue its evaluation of 
the Masson passive-type height-finding 
radar, currently installed at the National 
Aviation Facilities Experimental Center 
in Atlantic City. 

The report also says that a data link 
system should be considered as a means 
of obtaining aircraft altitude informa- 
tion automatically. However, the study 
team concluded that the radar trans- 
ponder offers earlier implementation 
and should therefore be pushed for 

Flight Level Use 

Use of flight levels— barometric alti- 
tude based on a 29.92 setting— currently 
is in use above 24,000 ft. in domestic 
airspace, and FAA is considering lower- 
ing this to 14,500 ft. The system design 
team proposes eventual use of flight 
levels for all altitude assignments made 
by traffic controllers to provide vertical 
separation. 

This will assure that all aircraft are 
using the same (29.92) reference and 
will eliminate the need for controller 
to transmit area altimeter settings to 
pilots. It will increase the workload at 
the control center since the traffic 
controller must not assign flight levels 
which will bring an aircraft too close to 
terrain and this will require blocking 
off certain lower flight levels as a func- 
tion of the barometric conditions in the 
area at the time. However, this block- 
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ing off can be done by the computer. 
'Hie report points out that flight levels 
are used throughout Switzerland, with 
its mountainous terrain, without impos- 
ing a significant burden on the traffic 
controller or on airspace utilization. 

The FAA program to permit lower 
weather minimums for landing is or- 
ganized into the three categories re- 
cently adopted by the International 
Civil Aviation Organization: 

• Category 1: Facility which pennits 
operations to minima of 200 ft., i mile. 

• Category 2: Facility which permits 
operations to minima of 1 00 ft.. J mile. 

• Category 5: Facility which pennits 
touchdown under all-weather condi- 

Efforts are under way to improve 
existing 1LS facilities to achieve the 
Category 1 requirement. By September, 
1965, FAA hopes to be able to demon- 
strate the Category 2 capability at 
Nafec in Atlantic City, with subse- 
quent implementation at 20 to 25 air- 
ports by 1968. 

Current investigations and those 
planned during the coming year will, 
it is believed, enable FAA to narrow the 
choice of suitable techniques for Cate- 
gory 3 by 1963-65, according to the 
present timetable. During the 1964-66 
period, FAA hopes to demonstrate this 
capability experimentally for jet trans- 
ports. If successful, implementation 
would take place at perhaps 10 major 
airports during the 1968-73 period, the 

Acknowledging the importance of 
having the pilot remain a part of the 
control process during low-minimum 
and all-weather landings, the report calls 
for development and evaluation of 
windshield displays which will simplify 
the problem of transition from landing 
system to runway lights. 



NASA, USAF Studying Techniques 
For Quasi-Passive Satellite Use 


Washington— Several techniques for 
a "quasi-passive" communication satel- 
lite, which might offer some advantages 
over conventional active and passive 
types for certain applications, are under 
study by the National Aeronautics and 
Space Administration and by the Rome 
Air Development Center (RADC). 

One new technique, proposed by 
International Business Machines Corp., 
could operate without electric power on 
board the satellite, extracting energy 
from the signal transmitted by one of 
the ground stations. 

Another new technique, suggested by 
Joseph Rverson of RADC, could pro- 
vide a 100-fold (20 db.) increase in re- 
flected signal strength compared with 
an Echo type passive satellite of the 
same size. Texas Instruments is in- 
vestigating this concept, Aviation 
Week has learned. 

Other Proposals 

Other companies that have sub- 
mitted quasi-passive satellite proposals 
to NASA include General Electric and 
Space General. Sanders Associates is re- 
ported to be working on a quasi-passive 
satellite under a classified Defense De- 
partment contract. 

NASA is studying the proposed quasi- 
passive satellite techniques and possible 
uses of such a satellite to determine the 
need for supporting efforts in this field. 
Possibly within several months, the 
space agency may invite industry’ to 
submit specific project proposals. How- 
ever, the emphasis will be placed on 
investigating basic techniques, not on 
proposing a complete operational quasi- 
passive satellite program. 

Air Force spokesman at RADC savs 
there is "intense interest" in the mili- 
tary potentialities of quasi-passive satel- 
lites. Recently, RADC solicited com- 
panies with new ideas with the view 
to sponsoring feasibility’ studies if 
NASA decides not to initiate such a pro- 
gram (AW July 9. P . 15). 

Satellite Description 

Unlike an active communication 
satellite which uses an on-board receiver 
and transmitter to amplify the ground 
station signal before rebroadcasting it, 
or the familiar Echo-type passive satel- 
lite which only reflects the signal with- 
out amplification, the proposed quasi- 
passive satellite would provide modest 
amplification (cam) without use of a 

Previously there have been studies on 
passive satellites with geometric config- 
urations which would effectively focus 
reflected energy to provide modest gain. 


The quasi-passive satellite, however, ob- 
tains signal enhancement by electronic 
rather than geometric means. Whether 
the name of "quasi-active” is more de- 
scriptive than "quasi-passive" is a moot 
point of semantics. 

Studies conducted by IBM indicate 
that its new technique, called Com- 
marray, could provide a 10-mc. band- 
width at X-band with a satellite work- 
ing area of only 10 sq. ft. at an altitude 
of 6,000 mi., using ground stations 
equipped with 40-kw. transmitters and 
60-ft. antennas. E. L. Gruenberg re- 
ported here during the recent Military 
Electronics Convention. 

Interesting feature of the IBM tech- 
nique is that the receiving station re- 
ceives none of the energy transmitted 
from the other station, only the intelli- 
gence contained in the latter's trans- 
mits an unmodulated carrier to the 
quasi-passive satellite which is modu- 
lated by signals from the transmitting 
station and this modulated carrier then 
is reflected back to the receiving station. 

This permits the two stations to 
operate at different frequencies, a fea- 
ture which might be of value in mili- 
tary applications. But an attendant dis- 
advantage is that each station requires 

Van Atta Array 

IBM technique is based on the use 
of a Van Atta type array on the satel- 
lite, modified to include varactor modu- 
lators. The concept of using a Van 
Atta array to achieve signal enhance- 
ment (gain) in a passive satellite is not 
in itself new. and has been suggested by 
others including Rome Air Develop- 
ment Center's Rverson and R. C. Han- 
sen of Aerospace Corp, 

In operation, the Van Atta array re- 
sembles the familiar corner reflector. 
Radio frequency energy impinging on 
either is reflected back in the direction 
of the source. However, the Van Atta 
array can accept signals from a broader 
angle. 

Where a ground station signal di- 
rected at an Echo-type satellite is 
reflected in all directions, the same sig- 
nal aimed at a satellite outfitted with a 
passive Van Atta array would reflect the 
signal back in a narrow cone, thereby 
providing a stronger signal at the re- 
ceiving station. 

The gain that is obtained depends 
upon the number of elements that are 
used in the array. 

Wien a passive array is used, the 
beam width must be sufficiently broad 
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Calling the shots 


Sperry knowledge and experience is helping 
to shape and sharpen America’s missile 
capability— current and future. 

Beginning with recent history, Sperry was 
responsible for the Sparrow I, first air-to-air 
missile in the nation’s armament, as well as 
providing guidance and control for Army’s 
Jupiter, Navy's Regulus, and Air Force’s 
B-58 “manned missile” bomber. 

Now in training with the troops is Ser- 
geant, a highly mobile Army tactical missile 
system of stake-splitting accuracy. It is 
transported to the launch site in four sec- 
tions... field-supported by integral mainte- 
nance test stations, also on wheels. Sperry 


is systems manager for the entire program. 

Navy’s Polaris-firing submarines are un- 
der the navigation systems management of 
Sperry ... are navigated by Sperry SINS 
(Ship's Inertial Navigation System) . . . 
steered and stabilized by Sperry gear . . . 
dived and maneuvered with Sperry controls. 
A Sperry NAVDAC computer correlates all 
data for launching. Also for Navy, Sperry 
makes guidance radars for the surface-to- 
air Terrier and Talos missiles. 

Latest Sperry subcontract is for stable 
platforms for Air Force’s Minuteman, to 
provide exacting references against which 
the slightest change in the missile's course 


can be measured with high accuracy. And at 
the extreme end of the missile spectrum 
is Army’s Nike Zeus — the nation’s only 
anti-missile missile system in advanced de- 
velopment — for which Sperry provides the 
critical extended range target tracking and 
discrimination radar transmitters. 

In addition, Sperry has supplied a num- 
ber of arming and fusing systems, a wide 
variety of ground support equipment, and 
superaccurate miniature components for 
missiles and space vehicles— to help Amer- 
ica’s missile men "call the shots” with ever 
greater certainty. 
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to overlap both the transmitting and re- 
ceiving ground stations, which limits 
the gain that can be achieved when the 
two terminals are several thousand miles 

Additionally, it requires some form 
of satellite attitude stabilization to keep 
both stations within the array viewing 
angle. 

The IBM technique gets around this 
problem by using a broad-beam antenna 
on the satellite to receive the signal 
from the transmitting station, while the 
Van Atta array needs to illuminate only 
the receiving station. 

This permits the array to be designed 
for high gain since the resulting nar- 
row beam need not illuminate both 
stations. 

This allows communications between 
two stations separated by an angle of 
up to 120 deg. according to Gruenbcrg, 
and docs not require precise attitude 
stabilization of the satellite. 

Passive Array 

In a conventional (passive) Van Atta 
array, pairs of elements which are equi- 
distant from the center of the array 
are connected using a low-loss trans- 

The electrical length of this line 
is identical for all pairs of elements, re- 
gardless of their physical separation, 
so that the wave front of the reflected 
signal will match that of the incom- 
ing signal. 

If suitable modulation devices with 
identical characteristics are inserted in 
each of the transmission lines, and con- 
trolled by the signal received from the 
transmitting station, then an unmodu- 
lated carrier beamed at the satellite 
array by the receiving station will be 
reflected back to the station with the 
desired signal superimposed upon it. 


Varactors used either in series or 
shunt configuration in TEM transmis- 
sion lines make excellent microwave 
modulators, Gruenberg says. To prove 
out feasibility. IBM constructed a varac- 
tor switching circuit (modulator) oper- 
ating at S-band, but did not use the 
familiar circuit in which the diode 
operates between a forward bias (con- 
duction) state and a negative bias (non- 
conduction) state. 

Power Consumption 

Instead, by incorporating a suitable 
resonant circuit with the varactor di- 
ode, sufficient impedance was obtained 
to achieve switching between two nega- 
tive bias (non-conducting) states, which 
thereby greatly reduces power con- 
sumption. 

The experimental varactor modula- 
tor of this type exhibited I db. of in- 
sertion loss in the "open" position and 
as much as 18 db. of isolation in the 
“closed” position. Over a range of 
250 me., IBM has obtained at least 
10 db. of isolation in the path. Gruen- 
berg reports. In either state, the diode 
current consumption is almost im- 
measurable, estimated to be one-thou- 
sandth to one-millionth of a micro-am- 
pere (10'“ to 10'“ amperes). 

The only significant power drain 
comes from a transistor amplifier re- 
quired to amplify the received signal 
and to drive the varactor modulators. 
An experimental driver, capable of oper- 
ating several hundred modulators at a 
snitching rate of 1.25 me. consumes 
less than 50 nanowatts per array ele- 

The company is constructing a small 
scale demonstration model of an active 
Van Atta array, using 25 elements 
(5 x 5). 

Quasi-passive satellite with an active 


Van Atta array that uses tunnel diodes 
instead of varactor diodes has been pro- 
posed previously by several companies, 
including Space Technology Labora- 
tories. While the use of tunnel diodes 
provides signal amplification, permitting 
the use of a smaller number of elements 
in the array, it consumes considerably 
more power. Gruenberg says. This 
would require a power source on board 
the satellite, where the IBM concept 
permits extraction of power from the 
RF carrier of the receiving station. 

One limitation of the proposed quasi- 
passive satellite technique is that the 
varactor diodes are digital rather than 
analog type modulators. 

While this is satisfactory for data 
communications, for voice communica- 
tions it would be necessary to convert 
to a digital format. 

Negative Resistance 

RADC's Ryerson proposes to make 
use of the negative resistance character- 
istics of tunnel diodes to effectively 
cancel out the radiation resistance of a 
light printed-circuit type dipole or spiral 
antenna to achieve signal enhancement 
from a quasi-passive satellite. The tech- 
nique also appears applicable to con- 
ventional ground-based antennas to in- 
crease their gain. 

The low-level signal received from a 
ground station at satellite altitudes, nor- 
mally would be partially dissipated in a 
series of dipole or spiral antennas on a 
passive satellite before being re-radiated 
to the receiving station. But if each 
antenna clement is suitably coupled to 
a tunnel diode amplifier, which is biased 
from a well-regulated power source, the 
received signal can be amplified by a 
factor of 100. perhaps even as high as 
1,000 for re-radiation to the receiving 
terminal. Ryerson says. 

High Gains Possible 

In-house investigations by RADC and 
Syracuse University show that gains of 
more than 30 db. (1,000:1 enhance- 
ment) can be obtained. But in practice 
20 db. probably represents a more re- 
alizable figure, Ryerson says. Band- 
widths of 100 me. appear possible at a 
frequency of 10,000 me., he adds. 

To provide the tunnel diode biasing 
power required, Ryerson suggests the 
use of thin-film radio-isotopes in com- 
bination with solar cells which have 
been proposed by others. This would 
consist of a thin silicon wafer coated 
with a phosphor film with a top layer 
of a beta emitting isotope. Beta rays 
striking the phosphor would cause it to 
glow at a wavelength which matches 
the peak response sensitivity of the sili- 
con cell. 

In effect, this would amount to a 
solar cell operated by synthetic sun- 
light. generated by the phosphor and 
radio-isotope. 



ground station, then reflect back a modulated signal to receiving stations. 
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STUDIES BY VOUGHT ASTRONAUTICS DIVISION of Ling-Tcmco-Voughl revealed typical altitudc/trajcctory plot of pilot-controlled 
boost phase of lunar mission exercise (left), and pilot-controllcd abort procedure and re-entry, right. Both are typical of studies made in 
VoughfS manned spacecraft simulator. Studies indicated that it is possible for a man inside the vehicle to control it from light-off to inser- 
tion into orbit. The studies at Vouglit Astronautics Division utilized a six-degrcc-of-freedoin manned spacecraft simulator testing various 
modes from completely automatic to completely manual control by the crew members of the vehicle. 


Vought Tests Man’s Boost Phase Control 


By Erwin J. Bulban 

Dallas— Feasibility of man controlling 
the boost phase of space missions, from 
light-off on the pad to inserting the 
vehicle into the proper trajectory, is 
indicated by hundreds of simulator ex- 
ercises carried out here by Ling-Temco- 
Vought’s Astronautics Division. 

Industry studies of man's role in 
managing the launch vehicle on lunar 
missions run the gamut from a com- 
pletely automatic system to that in 
which the crew performs all of the func- 
tions manually. 

Vought Astronautics technicians em- 
phasize that they are evaluating the 
problem and arc starting out with no 
fixed concept— rather are attempting to 
determine just what functions man 
can handle and what are best handled 


by automatic equipment, although they 
point out the value of having man in- 
corporated in the system to take over 
in event of certain malfunctions and 
possibly save what might otherwise be 
an aborted mission. Considerably more 
experience and detailed experimentation 
is required before the possibilities are 
defined and adequate displays and con- 
trols arc developed. 

Initial studies, utilizing the com- 
pany’s six-degrec-of-frcedom manned 
spacecraft simulator (AW Jan. 15, p. 
77), which provides acceleration, in- 
stability and noise cues to the pilot, has 
demonstrated its effectiveness in pro- 
viding real-time environment to gain 
data in testing human capabilities. 

Data obtained thus far indicate the 
following: 

• Launch can be controlled by the pilot 


with satisfactory accuracy if he has ade- 
quate displays. 

• Feel for magnitude of attitude correc- 
tions necessary' for adequate control can 
be quickly developed by the pilot 
through simulator training. 

• Some degree of vehicle instability can 
be tolerated, but a more detailed pro- 
gram is necessary to develop quantitative 
data on stability requirements. 

In addition to studies of the pilot’s 
ability to control the vehicle during 
boost phase of lunar missions from 
earth, the Vought simulator has also 
been used to investigate pilot’s capa- 
bility to monitor boost phase of orbital 
flights and manually execute abort pro- 
cedures, to effect rendezvous in lunar 
orbit, and lunar landings and takeoffs. 

A typical lunar mission simulation 
performed with a test pilot having 2,700 


AVIATION WEEK 


SPACE TECHNOLOGY, August 27, 1962 



In Space Technology. . . LOOK TO PARSONS for Performance 


Parsons has substantially aided . . . and will continue to aid . . . the United States in its military use and 
peaceful exploration of space. The design and field engineering, or construction of rocket fuel plants, 
static test stands, launch facilities, tracking complexes, ground and airborne electronics, in addition to 
feasibility studies for permanent lunar facilities to support men and equipment for indefinite periods, 
demonstrate the diversified capabilities of The Ralph M. Parsons Company. 

The conquest of space will be achieved by industry and government working as a team. And teamwork, 
plus resources, plus services from Parsons all add up to total capability, single source responsibility. 



THE RALPH M. PARSONS COMPANY ™ S , M „ 


ENGINEERS • CONSTRUCTORS 
IOS ANGELES / NEW YORK 


WORLD WIDE SERVICES: ARCHITECT-ENGINEERING ■ CONSTRUCTION . ELECTRONIC SYSTEMS AND COMPONENTS • MINING 
AND METALLURGICAL ENGINEERING . PERSONNEL TRAINING . PETROLEUM-CHEMICAL ENGINEERING • PETROLEUM 
PRODUCTION SYSTEMS • PLANT OPERATION • POWER PLANT ENGINEERING • WATER DEVELOPMENT AND SYSTEMS 


82 


hr., most of which was jet time, con- 
sidered a rigid-body two-stage booster 

tainer and two vernier— in the first stage, 
and two engines in the second stage, 
which also was assumed to have fixed- 
direction verniers for velocity control. 
Attitude was controlled by gimball noz- 
zles on the booster, and reaction con- 
trols on the second stage and the space- 
craft itself. Spacecraft was considered 
as a symmetrical blunt body with offset 
center of gravity to acrodynamically trim 
at a lift/drag ratio of (3.50. 

The simulator was equipped with 
simulated booster staging and attitude 
control systems. Boost control provided 
automatic separation of the first stage 
with fuel exhaustion, followed by auto- 
matic ignition of the second stage. A 
timer could be manually preset as de- 
sired to function on first-stage separa- 
tion to delay second-stage ignition. The 
four low-thrust vernier velocity engines 
and second-stage reaction controls 
would automatically begin operation. 
Engine Control 

Pilot had a firc-terminate switch for 
manually igniting and terminating the 
boost engines. Manual termination pro- 
vided first-stage separation, if this had 
not already been accomplished auto- 
matically, and engagement of the sec- 
ond-stage reaction control system. The 
second-stage boost engines could be 
restarted so long as fuel supply per- 
mitted. Second-stage reaction control 
system was automatically in operation at 
anytime subsequent to first-stage, but 
prior to second-stage separation, pro- 
vided the two boost engines were not 
firing. Second-stage termination was 
automatic with fuel exhaustion only or 
it could be terminated manually with 
the main boost switch. Included were 
switches for manually firing or ter- 
minating vernier velocity engines on the 
second stage, command module engine 
for second-stage separation and the 
command module reaction control sys- 

Attitude control system consisted of 
a three-axis side-stick controller and 
three-axis trim knobs for manually con- 
trolling attitude from the cockpit and 
a rate-damping stability augmentation 
system which was automatically en- 
gaged during first-stage boost but could 
be manually engaged or disengaged by 
the pilot at other times. Combined 
signals from the cockpit and stabiliza- 
tion system produced nozzle deflections 
or reaction control forces as necessary. 

Cockpit display provided the pilot 
with attitude, heading, motion and ve- 
hicle position information. Dial-type 
indicators displayed horizontal inertial 
velocity’ and burnout command, ver- 
tical velocity and burnout command, al- 
titude, boost corridor— altitude error and 
allowable error, plus and minus, for 


present velocity— angle of attack, nomial 
acceleration and longitudinal accelera- 

An attitude director displayed pitch, 
roll, pitch error relative to nominal 
boost phase pitch time program, yaw 
error as a function of vehicle displace- 
ment from heading relative to the ref- 
erence plane, and sideslip. Horizontal 
situation display included these geo- 
graphic values— vehicle heading, present 
course, programed course. 

References Eliminated 

It was found early in the program that 
the pilot used the pitch and yaw error 
references in the attitude director only 
briefly and they were eliminated because 
it was felt that they were not required, 
although Vought technicians indicate 
that it is possible that they could be 
considered usable display functions. 

Cockpit of the simulated spacecraft 
also provided a television display pre- 
senting differential heading of present 
course and program course and offset 
distance of vehicle from reference iner- 
tial plane. A cathode rav tube display 
showed attitude-vclocitv situation of the 
vehicle relative to a graphic presenta- 
tion of the programed altitude vs. ve- 
locity trajectory. 

Pilot flew a series of missions in the 
simulator during which he manually 
controlled the entire operations from 
the launch pad to final stage burnout, 
including igniting the first stage, ter- 
mination and separation of each booster 
stage, and trajectory control and naviga- 

Initially the pilot controlled pitch at- 
titude according to the pitch command 
indicator, which was programed as a 
function of time. Later he flew a mem- 
orized pitch angle program to the first 
altitude peak after which lie controlled 
pitch angle, and subsequently vertical 
velocity, as required to “round up" for 
the run to the injection point, control- 
ling the roll attitude to zero and the yaw 
attitude as necessary to steer into the 
required inertial plane. 

Simulated Flights 

Simulated flights supposedly were 
made from Cape Canaveral with a head- 
ing of 100 deg. Altitude vs. velocity- 
trajectory of the 826-sec. mission is 
plotted in chart. In addition to flying 
the trajectory, the pilot is simultane- 
ously turning the flight path as required, 
to be co-planar with an inertial plane, 
prior to the time of the final stage 
bumout. 

In first tries, the pilot followed pitch 
attitude commands displayed by the 
horizontal command bar of the attitude 
director as pitch angle errors from a 
pitch angle vs. time program. There 
were no inputs to correct burnout con- 
ditions as a function of observed trajec- 
tory errors. Although the pilot could 
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follow the pitch command with a high 
degree of accuracy, the trajectory devi- 
ated from the nominal trajectory and 
required bumout conditions. In order 
to achieve accurate burnout conditions, 
Vought studied methods of providing 
the pilot with information to permit 
him to determine required attitude cor- 
rections rather than attempt to correct 
attitude commands for measured tra- 
jectory errors. 

It was found that it was difficult for 
the pilot to attain a required set of bum- 
out conditions when several of the dis- 
play readings must change as burnout 
is approached. Most of the information 
used for control near burnout must be 
displayed in the form of error indica- 
tions rather than absolute values, 
Vought notes. In initial simulator trials, 
the pilot controlled to zero error in his 
lateral display and attitude, but had to 
observe the total magnitude of his con- 
tinually increasing vertical and hori- 
zontal velocity and terminate thrust at 
specified values of each. His task be- 
came much easier and control of bum- 
out conditions was much more accurate 
when the specified nominal trajectory 
was adjusted to permit a constant ver- 
tical velocity of 3,000 fps. as burnout 
was approached. 

This enabled the pilot to hold all 
other displav readings constant as hori- 
zontal velocity increased to the proper 
burnout value and avoided a need for 
controlling two rapidly changing param- 
eters to bring each to a precise value 
simultaneously with the other. 
Trajectory Control 

It became evident that the pilot 
learns to control trajectory very' effi- 
ciently after practice, only small sideslip 
corrections and variations from the in- 
tended anglc-of-attack program being 
evident to demonstrate that he has abil- 
ity to control the trajectory without 
maneuvers that waste booster fuel. 

Although the data compiled showed 
that both booster stages were aerody- 
namicallv unstable, with a requirement 
that the first stage usually acquire peak 
dynamic pressures of 600-800 psf., it 
was noted that the pilot after prac- 
tice was consistently flying the unstable 
first stage through the high dy- 
namic force region and maintaining 
complete control. There were times that 
aerodynamic factors caused the vehicle 
to become unstable to the extent that 
it is possible that a requirement for posi- 
tive stability will be necessary to ensure 
a high probability of success. A de- 
tailed investigation with accurate simu- 
lation of numerous factors, including 
booster size, magnitude of dynamic 
pressure, control system characteristics 
and aeroelasticity would be required to 
specify stability requirements for a par- 
ticular booster and mission. 

Study of the pilot's capabilities in the 
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Beech helps space vehicles get better mileage 
by turning "hot" fuel into icy slush 


S/ush hydrogen experiment shows vital facet of 
Beech's comprehensive systems management capability 


At the heart of this experiment at Beech’s Boulder, 
Colorado, space center are three double-walled vac- 
uum jars, each inside the other. Inside the inner jar 
is liquid hydrogen, while the center jar contains liquid 
helium. The outer jar is filled with liquid nitrogen. 
The idea is to further reduce hydrogen temperature 
until it turns to icy slush. 

The purpose of this experiment is to explore the 
feasibility of reducing hydrogen volume in order to 
increase space vehicle fuel loads without increasing 
tankage size or weight. 

Applied research projects like this are common at 


Beech. In the past they have included valuable work 
on cryogenic problems, space environment, and 
countless other projects that have measurably ad- 
vanced the state of the art. 

Basic research and development is but one of an 
ever-expanding group of Beech space-age capabilities. 
Within the last year alone, the size and function of 
Beech space facilities has more than doubled. This 
constantly expanding capability complex, coupled 
with a highly trained and experienced staff, makes 
Beech a natural choice for systems management .. 
projects. Besides the experiment shown here . . . L/ 


Other Beech Capabilities In Systems Management Include: 



Facilities . 
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Propulsion . . . 


Manufacturing . . . 


Complex Vibration . . . 


Space Simulation . ■ . 


Management . . . 


How may we help you? To discover how the 
unique facilities and expert personnel of Beech can 
be quickly and efficiently put to work on your proj- 
ect, write, wire, or phone Contract Administrator, 


Aerospace Division, Beech Aircraft Corporation, 
Wichita 1, Kansas. Beech stands ready and eager to 
accept complete systems management responsibility 
for your project right now. 
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abort situation were carried out con- 
sidering a lunar mission. Random abort 
procedures were accomplished, depend- 
ing on varied situations. One example 
provided (see chart) was an exercise con- 
ducted after the flight had progressed 
along the programed trajectory beyond 
the first altitude peak and when down- 
ward vertical velocity had built up to 
some 1,000 fps. At this point, the pilot 
was commanded to abort the mission. 
Abort Maneuver 

He terminated thrust of the second- 
stage booster and allowed the vehicle 
to descend to approximately 300,000 ft., 
where he oriented it to a pitch angle 
of +75 deg. and then relighted the 
booster, checking descent and accelerat- 
ing the vehicle toward circular satellite 
speed. He maneuvered to attain zero 
vertical velocity upon reaching 400.000 
ft. Holding altitude constant, he con- 
tinued thrust until he reached circular 
satellite speed, then terminated thrust 
and coasted in a ne3r-cireular orbit until 
commanded to de-orbit. With the ve- 
hicle rotated 180 deg. in yaw, he re- 
lighted the second-stage booster until 
velocity was reduced by 500 fps. As 
the vehicle descended toward the denser 
atmosphere, the pilot separated the 
spacecraft from the booster and set up 
a lift/drag maximum glide attitude. 

Since no drag or landing chute was 
deployed in this simulated flight, the 
module descended to impact the earth 
at 200 fps. Simulator could be pro- 
gramed to take into account even more 
sophisticated recovery systems such as 
the sail-wing concept. Vought techni- 

Successful experience with the simu- 
lator in boost control phase studies 
has suggested additional techniques 
that look interesting to technicians here: 

• Range control whereby adjustment 
for range error could be made bv estab- 
lishing a nominal trajectory that in- 
cludes a short coast phase, or parking 
orbit, during which range might be ad- 
justed by varying the coast time. Coast- 
ing technique could also be valuable 
by providing the crew with an oppor- 
tunity to make a final checkout and de- 
cide whether to abort or proceed with 

• Altitude correction might be accom- 
plished during coast phase should large 
altitude errors develop which are diffi- 
cult to correct efficiently prior to burn- 
out because of the continuous increase 
in speed while thrust is being applied. 
If a favorable flight path is established 
and thrust is then tenninated. the ve- 
hicle could coast to proper height and 
the booster re-lit to continue along the 
desired trajectory. The maneuver should 
be used in conjunction with range con- 
trol method just mentioned in order to 
prevent large range errors from occur- 
ring. 
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Vought Astronautics plans to increase 
the simulator's attendant computer 
equipment utilization by putting in 
new equipment having what they term 
twice the capacity of the current PB- 
250. This will permit them to program 
a problem or task while the other com- 
puter is feeding data to the simulator. 
This would permit the simulator to be 
quickly used to follow up on a succes- 
sive problem upon the completion of 
a prior task. 

Mathematical model and manned 
cockpit mockup simulator studies by 
Martin Marietta Corp. scientists and 
engineers of pilot participation during 
boost phases of a space vehicle also 
tend to justify a basic conclusion of 
other experimenters that there is a 
high probability that a pilot can per- 
form adequately in cither the control 
or guidance loops. Staging functions, 
fuel mixture and ullage are other possi- 
bilities where the pilot may exert mon- 
itoring and control functions. 

Highlights of experiments by the 
company indicate: 

• Optimum place to insert the pilot in 
the control guidance loop is at a point 
where he can control the gyro reference 
system-in-essence, applying trim signals 
to the automatic control system and it 
carrying out the job of damping vehicle 
perturbations. The pilot is thus free to 
guide the trajectory and carry out other 
duties, if necessary. 

• Pilot can successfully control and 
stabilize the vehicle with his signals in- 
serted directly into the automatic con- 
trol system (downstream of the atti- 
tude gyros). This mode, however, 
requires that other cockpit duties be 
minimized since it appears that three- 
axis control requires the pilot’s full 
attention. 

• Pilot control downstream of attitude 
gyros without assistance of rate dampers 
for stability augmentation is very diffi- 
cult, particularly for the unstable vehi- 
cle configuration. With intensive 
preflight simulator training, it appears 
that the pilot could develop sufficient 
skill to handle this mode on an emer- 
gency basis. 

Martin Marietta simulator studies 
have involved over 1,100 "flights" by- 
four company test pilots and four mili- 
tary research test pilots. The fixed-base 
analog simulation facility' and cockpit 
mockup represented a five-degree of 
freedom capability of investigating 
short-period stability in varied modes 
of pilot utilization. Pilot display infor- 
mation included rate of climb, sideslip 
angle, angle of attack, three-axis ball 
flight attitude indication, a cathode ray 
tube for attitude vs. altitude rate overlay 
display, displacement gyro error infor- 
mation by means of pitch, yaw and roll 
meters. Malfunction display monitors 
covered thrust chamber pressure, fuel 
tank pressure and oxidizer tank pressure 
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and pennitted measuring pilot reac- 
tion time to malfunction detection sys- 
tem signals. 

Vehicle was configured to include a 
two-stage booster having a gross weight 
of 329,000 lb. at liftoff, aerodynamically 
stable in the first stage and unstable 
in the second. Auto-stabilization loops 
included rigid body dynamics, fuel slosh 
modes, clastic bending modes of the 
air-to-vchiclc structure and roll-yaw dy- 
namic damping. 

Investigation included these pilot 
functions in the various modes: 

• Total autopilot replacement, with the 
pilot performing vehicle attitude stabili- 
zation functions in place of autopilot 
displacement and rate damping loops 
and the pilot also handling guidance 
steering control. 

• Attitude gyro replacement, with the 
pilot performing the same functions as 
in the above mode, except that the 
autopilot rate damping loop was oper- 
ating. 

• Steering backup, with the autopilot 
vehicle attitude stabilization loop re- 
maining in operation and the pilot pro- 
viding steering by applying a signal to 
torquers which process the attitude 
gyros, with steering signal display being 
based on either open-loop or closed- 
loop guidance information. 

Indications were that with rate loop 
inactive, the pilot could not maintain 
stable control throughout flight and in 
a number of cases studied, total insta- 
bility was evidenced with no possible 
means for achieving stability through 
the use of practical compensation 
schemes. For the majority of the re- 
maining cases, stability could be assured 
only with excessive and impractical 
gam indications. 

Added Tasks 

In regard to adding tasks to the 
pilot's guidance and control functions, 
such as monitoring cabin environment 
and maintaining communication with 
ground stations in addition to watch- 
ing the malfunction detection system 
and being prepared to take appropriate 
action if malfunction occurs, Martin 
Marietta technicians added two require- 
ments to measure their possible degra- 
dation on pilot performance. For mal- 
function detection system task one, the 
pilot had to sense and extinguish a light 
appearing at random intervals; for task 
two, the pilot extinguished the light 
and reported by voice communications 
specific quantitative readings to a tech- 
nician outside ‘he mockup. 

Addition of task one did not appear 
to reduce pilot control efficiency for 
pitch and roll as measured by maximum 
rates generated, although pilot per- 
formance in regard to maximum yaw 
rates went very close to or over the mal- 
function detection system limit. Martin 
Marietta technicians note. 
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AERONAUTICAL ENGINEERING 



USS ENTERPRISE prepares to launch a mixed force of North American A3J-1 bombers and Chance Vought F8U-2 and F8U-1P fighter 
aircraft. A3Js arc the largest carrier-based aircraft in current Navy inventory. Note large total wing area on A3J aircraft. 


A3 J-3 to F eed Photo, Other Data to Ground 


By Larry Booda 


Columbus. Ohio— Naw’s A3J-3 re- 
connaissance version of the North 
American A3|-l Vigilante supersonic 
bomber will be the first U.S. military- 
aircraft to integrate photographic and 
electronic sensors in the vehicle itself 
and feed the data they obtain to a 
surface-based tactical data system. 

The A3J-3 will have the same basic 
airframe as the A3J-2, which is now 
undergoing prototype testing and will 
be operational next spring. The A3J-2 
in turn is a growth version of the al- 
ready operational A3J-1, which can 
carry conventional or nuclear bomb 
payloads on low or high altitude mis- 

All three versions of the aircraft carry 


The A3J-3 will carry a pod under the 
fuselage for electronic sensors and cam- 
eras (AW Aug. 6, p. 62). The central 
package of electronic equipment will 
be carried in a fuselage tunnel where 
weapons are stored in the bomber con- 
figuration. 

Power for all three versions of the 


A3J is furnished by two General Elec- 
tric J79-8 engines, equipped with after- 
burners, developing a total of 34,000 
lb. of thrust. This is the same package 
that powers the McDonnell F4H-1 
Navy fighter and the Air Force version 
of the same aircraft, the F-110 (AW 
July 30, p. 38). But there the resem- 
blance ends. The A3J is designed to 
carry heavier loads and reach higher 
altitudes. It was designed primarily to 

f erform as a bombing system, while the 
411 and F-110 emphasize air superior- 
ity performance as a fighter. 

Nevertheless, the A3J is a Mach 
2.1 aircraft when carrying a combat 
load. 

The Vigilante is being considered for 
a third type of mission. The Air Force 
Air Defense Command has looked into 
the possibility of using it as a fighter 
armed with long-range missiles. ADC 
first investigated this possibility two 
years ago and recently initiated an- 
other study. 

As a reconnaissance aircraft, the A3J-3 
will be able to fly higher than 70,000 
ft. It will have sufficient speed to 
thwart most air intercept attempts and 


will be able to act as a fighter for self 
protection. It also will be able to jam 
enemy air and ground anti-aircraft 

The camera inventory will include 
installations for shooting obliquely 
downward on each side, shooting ver- 
tically, splitting images between oblique 
and vertical, scanning from horizon-to- 
horizon, and conducting open-shutter, 
synchronous film transport photography 
for low level missions. The non-optical 
systems will include side-looking radar, 
multiple sensors in the radio and infra- 
red regions to perform electromagnetic 
intelligence and electromagnetic coun- 
termeasures functions, and low light- 
level television capable of operation at 
night. Flares will enhance the night 
mission capabilities. 

In the aircraft itself, data obtained 
will be partially integrated and proc- 
essed before transmission to a ship or 
ground station for more complete proc- 
essing and immediate preliminary eval- 
uation. Since all data is recorded on 
magnetic tape, transmission can be de- 
layed if desired and the complete record 
retained. On return to the ship or air- 
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A3J-T VIGILANTE of Heavy Attack Squadron 7 (Hatton 7). based on the USS Enterprise, is capable of speeds of Mach 2.1. Weapon 
stores are carried both internally, in ejection tube which runs from nose to tail of aircraft, and externally, in underwing pods. Crew of two 
is seated in tandem cockpits on the same level. In A3J-2, bottom, rear cockpit is elevated. 



A3J-1 ON CATAPULT of the Enterprise has a practice bomb slung beneath starboard wing. Note leading edge slats and large flaps. Be- 
low, prototype A3J-2 is shown on the runway ashore. Changes from -1 model, top, are evident, including hump back for additional fuel. 
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field, all stored data will be fed into a 
computer. Photographic film will be 
processed and the photographs inter- 
preted for intelligence information, 
which is then coded for feeding into the 
computer with all other data. This com- 
puter will be able to recall previously 
stored data regarding the area covered 
on a mission, compare it with the new 
data and feed the results to intelligence 
storage facilities. 

Force Control 

The computer in turn will be part 
of the Navy Tactical Data System 
(NTDS) which has been designed to 
help commanders make rapid decisions 
in controlling combat forces. NTDS 
will feed intelligence and command 
data to a wide variety of surface and 
air units engaged in a military action. 

Preparations for the full A3J-3 sys- 
tem test this fall are being made at the 
Naval Ordnance Test Station, China 
Lake, Calif. The test airframe itself is 
a modified A3J-1. Production versions 
would use the A3J-2 airframe. 

Whether this reconnaissance aircraft 
system will go into production will de- 
pend to some extent on the outcome of 
studies conducted bv the tri-service 
Darrow tactical reconnaissance board, 
which considered all military systems of 
this nature with the idea of eliminating 
overlap and integrating analysis and 
control systems (AW Aug. 6. p. 3-1). 

It has not been decided set whether 

eluded in Fiscal 1964 budget requests 
as a production item. Navy proponents 
want enough money to start a program 
that would provide more than 25 air- 
craft. 

Present funding assures delivery of 
more than 50 A3J-1 and A3J-2 aircraft. 
Proposed programing would keep North 
American’s Columbus Division busy 
producing the A3J scries for at least 
another three years. If the Air Force 
should buy versions of the aircraft, as 
it is in tire case of the F4H, there 
would be a substantial increase in the 

Operational Deployment 

First operational deployment over- 
seas of the A3J-1 began early in August 
when a squadron sailed aboard the 
nuclear-powcred aircraft carrier Enter- 
prise for exercises in the Eastern At- 
lantic and Mediterranean. Although all 
of the Navy's carriers of the Midway. 
Forrcstal and Enterprise classes arc 
capable of launching the A3J, only the 
Enterprise can now provide the logistic 
and maintenance support required by 
the sophisticated A3f-3 electronics 

Since the A3J-1 and -2 were designed 
primarily as bombers with a wide variety 
of ways for delivering nuclear weapons, 
there was considerable debate within 


the Navy when Fiscal 1958 and 1959 
budgets were being drawn over whether 
to buy the A3J in quantity. One faction, 
led by Garrison Norton, then assistant 
secretary for air, argued that strategic 
bombing was not the Navy’s mission. 
He maintained it would be a basic mis- 
take to invade the mission area of the 
Air Force. 

Another faction within the Navy 
argued that the A3J also was capable of 
performing low altitude missions and 
carrying conventional weapons. 

The latter group won and the Navy 
included a request for production funds 
for the A3J in its Fiscal 1960 budget 
request. This decision subsequently was 
approved by the Defense Department 
and the money was appropriated by 
Congress. At that time, development 
of the airframe was almost complete 
and the weapon system was about half 

Navy funding for the A3J-1 in Fiscal 

1962 was $177.9 million. Because much 
of the development cost was included in 
this figure, the unit price ran about $9 
million per aircraft. Funding for Fiscal 

1963 is over $200 million. This includes 
monev to begin production of the 
A3J-2. 

Accelerated production rates and the 
tapering off of the bombing system de- 
velopment program will reduce the unit 
cost to slightly less than $5 million. 
Bombing System 

The A3J-1 at present is strictly a Navy 
bombing system capable of operations 
ashore or afloat. Plans for use by the 
Marine Corps have not idled. The air- 
craft could be operated from Short Air- 
fields for Tactical Support (SATS) by 
use of portable catapults and arresting 
gear. SATS units are already deployed 
with the Marines in the Western 
Pacific. 

Heavy load-carrying ability was built 
into the A3J-1 in two ways. One was 
the provision of 700 sq. ft. of wing area. 
This is relatively large for a Mach 2 -plus 
aircraft. By comparison, the F4I1 has 
530 sq, ft. The second way is boundary 
layer control. In the A3J-1. air is bled 
from the compressor sections of the 
engines and piped along the forward 
edge of the flaps. When the flaps are 
down the air is blown over the upper 
surfaces of the flaps, assuring smooth 
air flow at high angles of attack. In the 
A3J-2, the blowing also is applied be- 
hind the drooping leading edges of the 
wings. Tire flaps also are extended 
further outboard to the wing fold. 

A distinguishing feature of the Vigi- 
lante is its system for ejecting bombs 
rearward from its bomb bay, which is 
essentially a tunnel running lengthwise 
in the aft section of the fuselage. This 
tunnel, equipped with rails and a cata- 
pult, stores a nuclear or conventional 
bomb at the forward end. The bomb is 
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MASTERMIND OF CHECKOUT 


The Eclipse-Pioneer Universal Tester— master- 
mind of checkout— provides fast, complete auto- 
matic checkout of all systems in any missile, 
satellite, aircraft, submarine, or other vehicle. 

In use for Skybolt and specified for the Agena 
program, this example of Bendix® Automatic 
Check-Out Equipment (ACOE) also checks auto- 
pilots, flight control systems, air data systems, 
radar, and every other kind of system for mainte- 


nance at all levels, flight line as well as overhaul. 

The Universal Tester will indicate GO or NO-GO, 
then fault isolate to the sub-system involved. In 
overhaul applications, the Universal Tester will 
fault isolate down to a single module! 

The adaptability of this basic, common denomi- 
nator equipment permits its application to a wide 
variety of system testing requirements without 
extensive redesign. Its availability permits prompt 


delivery. These two factors combined, plus the 
service experience already obtained, provide you 
with a prompt, economical, reliable solution to 
virtually every kind of checkout problem. 

In developing this Universal Tester, and in 
similar programs involving Bendix ACOE for such 
weapons systems as the B-58, Eclipse-Pioneer 
has achieved a thorough capability for ACOE 
project management. Further proof: Bendix' 


experience with the Program Evaluation Review 
Technique (PERT), the management control con- 
cept which predicts problem areas of a program 
in advance. Bendix is operating the PERT sys- 
tem on the USAF’s GAM-87 Skybolt program. 

For information on how E-P can best assist 
your operations in every area— whether undersea 
or on it, airborne, or in space— we invite you to 
write, call or visit us in Teterboro, N. J. 


Eclipse-Pioneer Division 
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There’s more to light 
than meets the eye 


This candle is producing two kinds of light. 
One is the visible light you sec. The other 
is “invisible” light — or infrared energy. 
This energy is produced not only by the 
flame, but by the candle itself. Because in 
the strange world of infrared, all objects 
which are “warm” — above absolute zero — 
radiate. In fact, Hughes infrared detection 
equipment could measure the infrared en- 
ergy produced by an icecube 5 milesaway 1 
Hughes scientists and engineers have been 
applying the science of “invisible light*’ to 
problems of national defense for well over 
a decade. Their work has produced striking 
results — such as the capability to sense dis- 
tant temperature variations as small as 
1000th of a degree. 

Hughes infrared search, detection and track 
systems, being manufactured for our front 
line interceptor aircraft, can locate poten- 


tial attackers by the infrared they generate. 
This allows the interceptor to attack its 
quarry without revealing its own presence. 
The Falcon infrared air-to-air missiles (a 
backbone of our air defense program with 
over 10,000 having been delivered by 
Hughes) have repeatedly demonstrated ex- 




tremely high striking accuracy at compet- 
itive weapons meets. 

Infrared techniques arc exceptionally use- 
ful in space applications. A Hughes stellar 
tracker utilizing visible light will help nav- 
igate the Surveyor lunar landing vehicle 
on its 240,000-milc trip to the moon. This 


Infrared windows— since glass is not Iransparent 
to infrared, "windows" and lenses of other mater- 
ials. such as silicon or germanium, must be used. 
Hughes manufactures many types of such optical 
components. 

Hughes infrared search. track sensor head de- 
signed lor interceptor aircraft enables pilots to 
detect "bogies" by the infrared they generate. 
The infrared system works effectively even against 


Creating a new world with electronics 


HUGHES 

j 


tracker, seeking a navigational “fix,” will 
identify the star Canopus simply by the 
amount of energy it generates. 

Other Hughes work in infrared covers the 
entire range of both systems and compo- 
nent research, development and manufac- 
ture. Now in progress are systems for anti- 
ballistic missile defense, anti-submarine 
warfare, bomber defense, and tactical weap- 
ons control. Simultaneously, Hughes is 
supporting the rapidly expanding infrared 
technology with the development and 
quantity production of highly advanced 
detectors, optical componentsand cryogenic 

In total, dtese activities represent one of 
the most important reservoirs of infrared 
capability in our nation' — wholly devoted 
to helping man productively use the light 
he cannot “see.” 



FOLDING WING TIPS case stowage problem aboard the Enterprise somewhat. Vigilantes 
parked on the carrier's elevators have auxiliary fuel tanks siting beneath their wings. Nose 
and vertical fins also fold to reduce over-all length and height. 


attached to two cylindrical, pressurized 
275-gal. fuel tanks. After takeoff and 
climb, the fuel in these tanks is the first 
to be used. 

In the ejection sequence, the tail cone 
is jettisoned first. Then the catapult is 
fired, forcing the bomb and the fuel 
tanks out of the tail opening. The tanks 
remain attached to the bomb, acting as 
aerodynamic stabilizers for the fall to 
the target. The sequence can be 
initiated in any flight attitude. 

The ejection system permits a wide 
selection of delivery maneuvers. Loft 
bombing, long employed by the Air 
Force and the Navy, can be used with 
the A3J. When tliis method is used, 
the aircraft climbs almost vertically to 
lob the bomb on a ballistic trajectory, 
then performs an Immclman turn to 
fly away in the opposite direction. 

High or medium level approaches 
also can be made, with ejection taking 
place in level, climbing or descending 
turns in either direction, applying lateral 
motion to the bomb. Low altitude de- 
livery, designed mostly for dropping 
conventional weapons, is aided by (he 
use of a radar terrain clearance indicator. 
The bomb bay can be reloaded in a 
relatively short 30 min. 

There are a number of stations for 
carrying non-nuclear armament under 


the fuselage and wings. Various general 
purpose and special purpose high explo- 
sive bombs, fire bombs, missile dis- 
pensers, Napalm tanks and Martin Bull- 
pup missile launchers can be carried. 
Bullpup is a sight-guided, air-to-surface 
missile (AW' May 7. p. S6). 

Most of the bombing control equip- 
ment is carried in the nose to the 
aircraft. The complete system is called 
the ASB-1 2 bombing control system and 
it is assembled by North American's 
Autonetics Division. The radar portion 
of the package was designed and is 
manufactured by the Electronics Divi- 
sion of General Dynamics Corp. 

An inertial navigation system, de- 
signed by North American, is located in 
the nose and is integrated with the 
ASB-12 bombing system. It consists of 
a network of accelerometers, integrators, 
potentiometers and indicators which 
produce true ground speed, direction 
and distance data for continuous map 
tracking. 

Tire system can be used to identify a 
target for automatic bombing runs by 
comparing what is being observed with 
radar signatures and photographs stored 
in the computer. The computer solves 
the problem, and the system makes the 
bombing run to time of release, makes 
the release and controls the escape run. 
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BULOVA 

RUNS 



ON SAFING DEVICE DE- 
VELOPMENT AND PRO- 
DUCTION simply because 
we’ve already delivered over 
31,000,000 S&A devices. Prime 
and sub-contractors can rely on 
sure delivery from Bulova on, or 
in advance of schedule — keep- 
ing comfortably ahead of re- 
quirements for S&A materiel. 

And it may be of no little in- 
terest that Q.R.C. Groups 
(Quick Reaction Capability) 
can, and do turn to Bulova for 
fast, reliable solutions. This is 
familiar ground to our engineers 
— long seasoned in S&A mech- 
anism design and development. 

Programmers, S&A mecha- 
nisms, fuzes, timers, safety de- 
vices, adaption kits, ignition, and 
destruct devices come off the 
smoothly-functioning Bulova 
production line. .. precision-made 
— ready to go. Find out how our 
S&A experience can help your 
organization run ahead of time. 
Write — Bulova Research & De- 
velopment Laboratories, Wood- 
side 77, New York, N. Y. 

[j INDUSTRIAL/DEFENSE GROUP ■ 

Bulova 


The pilot has the choice of many com- 
binations between fully automatic and 
manual control. System can operate in 
any kind of weather, day or night. 

Closed circuit television permits both 
the pilot and the bombardier-navigator 
to readily identify terrain features in day 
or night! The bombardier-navigator can 
play a videotape containing intelligence 
data, eliminating the need for thumbing 
through maps and publications. The 
same display tube can be used for radar 
if a cloud deck or complete instrument 
flying weather arc encountered. Tele- 
vision and radar pictures can be com- 

Thc A3J airframe development pro- 
gram progressed normally after wind 
tunnel tests in company and govern- 
ment facilities had proved the basic 
configuration. But the navigation-con- 
trol-delivery integration problem is yet 
to be completely solved. 

Until recently, the company and the 
Navy were troubled with trying to find 
out why the bomb bay stores did not 
fall properly. Fixes have involved the 
use of different aerodynamic designs for 
the tanks and the bomb, varying the 
coupling designs and shifting weight 
distribution. 

The complex electronic gear de- 
manded many engineering man-hours, 
mainly in trying to make the individual 
units work together as a complete sys- 
tem. North American designed the indi- 
vidual units to permit maintenance by 
semi-skilled military men. Readily re- 
placeable modules are employed 
throughout. Faulty circuits can be 
spotted with a small portable analyzer 
and modules replaced in a short time. 

But it is analyzing the system as a 
whole and making it work properly that 
has presented the greatest problem. 

parable with doing it at ail operational 
installation aboard ship. It will take at 
least until next spring, according to 
Navy officers, to establish a smooth 
working relationship between the sys- 
tem, its checkout and repair and the 
personnel maintaining the system. 

The A3f is a high wing monoplane 
with a 14.47 to 1 fineness ratio fuselage, 
which is its most distinguishing feature. 
Over-all length from nose to the furthest 
aft portion of the vertical stabilizer is 
73.2 ft. To fit the elevators and hangar 
decks aboard carriers, the nose folds 
back and the vertical stabilizer folds 
down. Over-all length folded is 65.4 ft. 

Width from wing tip to wing tip is 
33 ft. With the outer panels folded, 
the width is 42 ft. The wings arc swept 
back 37.5 deg. Lateral control is ob- 
tained through the use of spoilers on the 
upper surfaces of the wings and de- 
flectors on the lower surfaces. There are 
no ailerons. Moving the control stick 
toward one wing causes the spoiler on 
that wing to rise and the deflector under 


the other wing to lower, resulting in a 
rolling motion in the direction in which 
the stick was moved. 

Both the horizontal and vertical con- 
trol surfaces arc mounted on single 
axles, or spindles, to make them fully 
movable. They are swept back 45 deg. 
Horizontal span of empennage is 30.6 
ft.; vertical surface rises to 19.4 ft. 

In the A3J-1. the two tandem cock- 
pits are on the same level, with the 
canopy tops forming a horizontal line. 
In the higher-lift, higher-load -2 and -3 
models, the fuselage height has been 
raised so that the rear cockpit sits higher 
than the forward one. This raised por- 
tion of the fuselage behind the second 
cockpit provides more fuel storage space 
and its humped shape also provides 
more aerodynamic lift, similar to the 
action of the upper surface of a wing. 

Both cockpits are equipped with 
HS-1 rocket ejection seats developed by 
North American. They permit safe ejec- 
tion in level attitudes while on the 
runway with no forward speed. 

Flight controls are installed only in 
the front cockpit. The system is electro- 
hydraulic. the hydraulic portion of 
which is dualized to provide a margin 
of safety. Automatic yaw damping is 
effective at all speeds, while pitch damp- 
ing cuts in at speeds above Mach 0.5. 
When the automatic pilot is engaged, 
heading can be changed by use of the 
control stick without disconnecting the 
automatic pilot. It holds preset alti- 
tude. speed and heading. It is an 
integal part of the bombing system. In 
case of malfunction and erratic flight, 
it can be overriden manually. 

A liquid oxygen system provides an 
eight hour supply for the two crewmen. 

The two engines are mounted hori- 
zontally on each side of the extreme aft 

E ortion of the fuselage, with the bomb 
ay tunnel between. Full length doors 
give access to any part of the engines 
and their accessories, even while the 
engines are running. Variable position 
ramps which lower from the top of each 
engine inlet assure subsonic air flow in 
the ducts during supersonic flight. 

Many parts of the aircraft are readily 
accessible in addition to the engines. 
When the nose is folded, the inside of 
the entire forward fuselage area can be 
reached. Hydraulic systems for the land- 
ing gear and speed brakes are mounted 
openly for ready access in the landing 
gear and speed brake wells. The empty 
bomb bay pennits the plumbing and 
wiring runs to be reached. 

The A3J can be catapulted under 
most combat loading conditions with- 
out the use of afterburners. When an 
extreme-range mission is to be flown at 
maximum takeoff gross weight, after- 
burners can be used to gain safe climb- 
ing speed more rapidly. A normal com- 
bat loading would produce a gross 
weight of 54.000 lb. to 56,000 lb. 
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Firm, Long-Range Program in Nuclear Power 
Plant Development Expands Need at Allison 
for More Top Level Scientists and Engineers 


• Atomic Energy Commission selection of Allison as prime 
contractor for development of a Military Compact Reactor 
(MCR) creates challenging, new opportunities for Engineers 
and Scientists in a substantial, long-time program in the 
nuclear field. 

The MCR is a lightweight, completely self-contained nu- 
clear fission power system— easily transportable by truck, 
aircraft or rail— designed to provide electric power in re- 
mote areas. It will have a high temperature, liquid metal 


cooled reactor coupled to a power conversion system. In- 
corporating long plant life characteristics compatible with 
military field equipment, the power plant is expected to 
reduce the burden which shipment and storage of petroleum 
imposes on combat forces. 

Allison will design and develop the overall power system 
—(capable of generating 3000 kw)— with other GM divi- 
sions taking part in specific phases of the program. 


Our need is urgent for additional, high calibre engineering and scientific personnel. 
Advanced degrees and minimum of 3 years experience in following areas desirable: 


NUCLEAR POWER SYSTEMS ANALYSTS— (Powcrplant 
Dynamics) — Nuclear or Electrical Engineers with broad 
background in areas of steady state powcrplant performance 
and transient or dynamic analysis. 

(Thermal Hydraulic) — Mechanical Engineers with back- 
ground in liquid metal heat transfer, fluid dynamics and 
gas turbine thermodynamics. 

(Hazards) — Nuclear Engineers with background in def- 
inition, analysis and evaluation of nuclear powerplant safety 
and hazards. 

(Mechanical) — Mechanical or Chemical Engineers with 
background in nuclear powerplant layout, nuclear powcr- 
plant mechanical integrity and high temperature component 
design. 

(Electric Power) — Electrical Engineers (Power Systems) 
with background in steady state system performance and 
power system stability. 

REACTOR PHYSICISTS— (Analytical)— Physicists with sub- 
stantial experience in reactor physics field to analyze nu- 
clear behavior of projected reactors; generate new concepts 
in design or control of nuclear reactors. 

(Experimental) — Physicists, preferably nuclear, with ex- 
perience in experimental nuclear physics, to analyze and 
evaluate experiments on compact reactor core configura- 

(Shielding) — Physicists with capabilities in nuclear re- 
actor shielding, including experience in experimental shield- 
ing investigations and associated minimum weight shield 
configurations. 

NUCLEAR REACTOR DESIGNERS— Mechanical Engineers 
with nuclear experience or training. Extensive experience in 
layout and detail design of structures and mechanisms oper- 
ating under conditions of high temperature, thermal stress. 


irradiation and corrosion, and with close dimensional toler- 

HEAT TRANSFER SPECIALISTS-Experience with liquid 
metal heat transfer preferred. To plan, analyze and conduct 
research programs involving liquid metal boiling and con- 
densing heat transfer, convective heat transfer, and radiant 
heat transfer. 

ELECTRICAL ENGINEERS— (Power Systems)— Power sys- 
tem engineers for study of MCR applications. Experience 
in design of central station or standby powcrplants, with 
knowledge of load analysis, synchronous machines, switch- 
gear control and specifications. 

(Instrumentation Systems) — Nuclear or Electrical En- 
gineers with instrumentation or control experience for de- 
sign of MCR console, instrumentation, and data transmis- 
sion link. 

(Design)— Electrical Engineers to design controls and 
switch gear. Also, EE’s to conduct studies on electrical 
power systems, including load analysis and stability require- 

Openings available NOW. A promising future for those 
who qualify is available in the creative environment at 
Allison — plus all the opportunities and advantages offered 
through an organization with the character of General 
Motors. Interested ? Let us hear from you. Send your re- 
sume or write to: Mr. V. A. Rhodes, Professional and 
Scientific Placement, Dept. 213, Allison Division, General 
Motors Corporation, Indianapolis 6, Indiana. 

An equal opportunity employer 
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They wanted someone to We got SPADAT Radar, 

count noses in outer space. the job. 


"Count noses" may be the understatement of the year. 
We’re talking about the SPADAT Radar system for detect- 
ing and tracking and classifying and remembering every 
satellite that man tosses into space. 

Bendix Radio is developing the large phased-array radar 
system for the Air Force's Rome Development Center. This 
advanced, computer-controlled system will do a lot of things. 
It will see a new satellite as soon as it comes within its range 


of vision. It will remember everything it has ever seen. And 
it will be able to track many individual space objects while 
watching for new ones. 

This system is another in a long line of typical examples 
of our capability in the fields of advanced radar and com- 
munications. Whatever you need, the people at Bendix 
Radio are the ones to see. Write Government Sales, Bendix 
Radio Division, The Bendix Corporation, Baltimore 4, Md. 


Bendix Radio Division 




MANAGEMENT 


Weapon System Program Conduct Studied 


By William H. Gregory 

Conclusions drawn in a weapon sys- 
tem acquisition study by a Harvard 
Business School team reflect a skeptical 
view of the proposition that weapon 
systems developments should generally 
be conducted in the minimum possible 

In the light of the conflicting ap- 
proaches indicated by Defense Research 
and Engineering and the Air Force 
Systems Command before a House 
Government Operations Subcommittee, 
(AW Aug. 13, p. 32), the study takes 
on added significance since one of the 
authors, Merton J. Peck, an associate 
professor at the school, later joined 
the Department of Defense comptrol- 
ler’s staff. 

Over-all Research Project 

The study, sponsored by a Ford 
Foundation grant and co-authored by 
Peck and Frederic M. Scherer, research 
associate, is titled "The Weapons Ac- 
quisition Process: An Economic An- 
alysis.” It has been published by the 
Harvard Business School and is part of 
an over-all research project, involving 
case studies of 12 advanced weapon 
systems, under direction of Prof. Paul 
W. Cherington. 

“As we read the record,” the authors 
contend, "the conduct of U. S. weapons 
programs has on the average been fairly 
good on the technical performance di- 
mension and somewhat less favorable 
on the development time and reliability 
dimensions. But the most notable de- 
ficiency has been the failure to hold 
development and production costs to 
reasonable levels." 

Weapons program costs have been 
high, the study says, because of inade- 
quate attention to' the efficient utiliza- 
tion of technical, production and ad- 
ministrative manpower and because of 
the development of qualitative features 
and increments of technical perform- 
ance not worth their cost. More fun- 
damental reasons, the study continues, 

• Time and quality considerations have 
been emphasized by the services rather 
than cost reductions. 

• Technical competence has been lack- 
ing in the sendees to evaluate contractor 
costs in detail. 

• Meeting schedules and delivering 
high quality products has been recog- 
nized by contractors as more important 
than efficiency in obtaining new con- 


• Cost-plus contracting for development 
has meant profits have been roughly 
proportional to total costs, reducing in- 
centives for cost reductions. 

"Given the state of the art at any 
moment," the study says, "weapon sys- 
tem quality appears to increase with 
the expenditure of development time 
and resources, but only at a decreasing 

Not all programs lacked economic 
rationality, the study indicates, referring 
to technical compromises made in the 
Convair Atlas missile to provide early 
availability. In a low-priority fighter 
project-probably a reference' to the 
Republic F- 10 5— production was held 
back for a considerable time while im- 
provements were fed into the design, 
peaking production with the most ad- 
vanced design. 

Nevertheless, in all 12 programs 
studied, excursions in pursuit of tech- 
nical perfection were reported which 
cost far more than they were worth. In 
one program, for example, the design 
philosophy was to use standard com- 
ponents only when customer-developed 
units offered no operating advantages. 


Defining Efficiency 

Absence of profit is often wrongly 
equated with efficiency in the weapons 
acquisition process, the Harvard Business 
School research study found, an assump- 
tion stemming from a false analogy with 

regulator. 

"Once the purely and perfectly com- 
petitive marketplace is forsaken, there is 
no assurance that minimum profits are 

attacked and perhaps reduced, it is the 
profit item. However, this Machiavellian 
realism ignores the 90% or more of the 
bill in which a much greater potential 
for efficiency improvements typically ex- 

plishing a desired result with the mini- 

It rated the general efficiency of the de- 
fense industry favorably with industry 

were considered the weakest areas in the 
defense industry, though improvements 


In addition to this type of gold- 
plating, the study found in two pro- 
grams that the use of multiple backup 
approaches had been carried well be- 
yond the point where it promised any 
significant marginal return. In some 
areas, astutely conceived backups can 
enhance program success probability, 
the study notes, especially in the com- 
ponents area, where uncertainties often 
arc greatest and costs of developments 
arc relatively low. 

Changes in service attitudes in some 
of these areas— in stressing cost as equal 
to schedule and performance results 
and in the training of military cost ana- 
Ivsts — were indicated at the Air Force 
Systems Command management con- 
ference at Monterey, Calif., earlier this 
year (AW May 14. p. 26). 

The study also takes up the position 
of the defense contractor, whose lot, 
the authors of the study agree, is not an 

"To be sure,” the study says," he has 
a customer who agrees to pay his costs 
during the development period, what- 

"Yet he deals with a bureaucratic 
maze for a customer. Some of the oc- 
cupants of this maze may be less than 
fully qualified for their demanding jobs. 
Second, the non-market character of 
weapons acquisition brings the cus- 
tomer into his internal operations in 
a way that restricts his freedom to 
manage his own business. 

Changing Requirements 

"But a more fundamental problem 
of the weapons contractor is the in- 
security of his market position . . , the 
rapidly changing requirements of mili- 
tary technology [that] force firms to 
shift their product lines rapidly . . . the 
relatively easy entry of new firms into 
the weapons industry 

What has ensued, the authors con- 
clude. has been a preoccupation with 
development which enhances capabili- 
ties for new projects at the expense 
of performance on current programs. 
Capability developed by companies to 
remain technologically compctitvc has 
been to some extent redundant. 

Excess capacity in technical groups 
leads to gold-plating and overcom- 
plexity, the study says, and encourages 
unrealistic bids for new development 
contracts to keep staffs busy. 

Still another consequence the authors 
cite is the difficulty in reducing over- 
head by companies faced with a decline 
in sales. Overhead in general is a prob- 
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lcm in the weapons business, and the 
authors report that the sendees, as re- 
flected in their case studies, felt over- 
head— especially of airframe manufactur- 

Overhead is a difficult area to meas- 
ure, the authors report, because a great 
deal of engineering is charged to it and 
because a sort of accounting shell game 
is played bv many contractors con- 
scious of the weight placed by the serv- 
ices in overhead ratio. Overhead finds 
a natural climate for growth in the de- 
fense industry, the authors say. 

The complex structure of government 
management agencies requires great in- 
tegration effort, they report, and cost- 
plus contracting requires more paper- 
work than comparable commercial en- 
terprises. 

'Empire Building' 

“The groups which perform these 
functions." the study says, “provide an 
unusually broad base for tne empire 
building that is common to most large 
staff organizations.” 

Some method of meeting these tran- 
sition problems is recommended, of en- 
couraging the entry of new companies 
for their value in providing innovations, 
of moderating the preoccupation of 
older companies with the next pro- 
gram at the expense of the existing one. 
“Just as a mechanism is needed to 
bring in newcomers,” the study says, 
“so a mechanism is needed to displace 
the older firms which have lost their 

Incentives for good performance 
might serve these objectives, the study 
notes. On the basis of a comparison 
survey made among DOD, military and 
contracting officials, the study concludes 
that program perfonnancc can be eval- 
uated, despite marked differences in 
some cases along service lines. 
Programs Surveyed 

Eight of the 12 programs studied by 
the team were included in the survey: 
the Air Force Atlas intercontinental bal- 
listic missile, Bomare A air defense mis- 
sile, B-58 supersonic bomber and F-105 
fighter-bomber, the Army Nike Ajax and 
Nike Hercules anti-aircraft missiles and 
Jupiter intermediate-range missiles, and 
the Navy Polaris submarine-launched 
ballistic missile. 

Contractor performance evaluation of 
Army programs by Air Force panel 
members tended to be lower than the 
panel average. Army panel members 
did not downgrade Air Force program 
contractors, but tended to evaluate 
Army program contractor performance 
higher than the panel as a whole. Air 
force members also followed the latter 
pattern in evaluating their own pro- 

Nevertheless, the survey indicates 
that sufficiently knowledgeable persons 


AVIATION WEEK and 


TECHNOLOGY, 


27, 1962 


could distinguish consistently between 
good and bad contractor perfonnancc 
and that this might provide a basis for 
award of future business. What the 
study is unable to conclude, however, is 
whether or not good past perfonnancc 
is an indicator of good future perfonn- 

Some contractors turned in good per- 
formances on successive programs, oth- 
ers did not. Poor performance could 
well stimulate contractors to make vig- 
orous changes in their organizations to 
improve results, the study indicates, 
and. in the opposing situation, a suc- 
cessful job can lead to complacency or 
unwillingness to adopt new and better 

In this connection, the study notes 
the use of the “hungry contractor" cri- 

awards. If a company is short of busi- 
ness, it is apt to devote its best efforts 
and allocate its best talent to prospec- 
tive new business. Tlius in one program 
studied, the prime contractor's lack of 
commitment to any other high-priority 
program was a decisive factor in the 

Other points made in the study in- 
clude the following: 

• Contractor ideas, often the best 
sources of weapons development possi- 
bilities, frequently are not fully evalu- 
ated by the sendees because of lack of 
time or other reasons. Despite President 
Eisenhower’s warning against the “mu- 
nitions lobby," the weapons acquisition 
process may need some advocates for 
initiation of new programs to offset the 
many levels of no-sayers. 

• More component, materials and sub- 
system development could profitably be 
undertaken by the U. S. Component 
development has little attraction for 
private capital. Feasibility studies that 
require only “cigarette money” are more 
attractive to contractors because of their 


AIA Study 

Aerospace Industries Assn, is taking 
an initial step to define an industry posi- 
tion on defense business issues through a 
contract for a study by the Stanford Re- 
search Institute of private and public in- 
stitutions in the defense effort. 

Problem areas in the government- 
business relationship are relatively easy 
to identify, AIA said, but causes and 
cures are less obvious. Hie study is to 

Various industry sources have been 
calling for a stronger or unified industry 

adopted at the AIA governor's meeting 
in Williamsburg, Va„ last spring mged 
a strong industry effort to defend its 
profit system. 
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LOOKING FORWARD 

by Julian Jlartt 


GLENDORA, CALIFORNIA: The movie cameras have been responding to 
the order to "Roll ’em" for thirty years or so in Culver City, California, where 
M-G-M has shot enough film to gird the globe many times over. 

So it is fitting that the first film ever to bring down to earth actual moving 
pictures of the moon will also have been master-minded in Culver City. 

These pictures of the moon's surface will be transmitted to earth from four 
closed-circuit TV cameras stowed snugly in Surveyor, the lunar soft-landing 
vehicle being developed by Hughes Aircraft Company for NASA’s Jet Pro- 
pulsion Laboratory. 

The use of television in space experiments is of very recent vintage, the 
most dramatic results having been achieved this year aboard Centaur and 
Project Echo on which there were Lear-Siegler video systems. 


To look more closely into this in- 
| creasing acceptance of closed-circuit 
j TV by space scientists, I talked to 
Grayson Jones, Chief Engineer of the 
Giannini Controls Conrac Division 
here in Glendora. For ten years Conrac 
I has been producing monitors and re- 
i ceivers for a wide variety of applica- 
| tions including TV broadcasting, 
education, industrial automation and 
transportation. Perhaps as a result of 
this specialized capability, the com- 
pany has been called upon to provide 
most of the video monitors used by the 
aerospace industry. 

“The basic advantage of video 
signals is simply that TV is real time. 
You’re actually seeing events as they 
happen," Jones stated. "Our capability 
to design highly specialized video 
monitors for these space efforts stems 
from our past experience with custom 
designed equipment. But it is to com- 
panies like Lear-Siegler, Hughes and 
RCA who have pioneered new camera 
designs that the credit really belongs. 

'These cameras, using a slow-scan 
technique, permit film exposure at a 
rate of '/> frame per second. Sixty times 
slower than conventional TV cameras, 
j ‘slow-scan’ has licked the problem of 
excessive demands on the telemetry 
system’s power and bandwidth. 

“Simultaneously with this devel- 
opment, we worked with Lear- 
Siegler 's Electronic Instrumentation 
Division to come up with terminal 
video equipment capable of receiv- 
ing this type of signal. The result is 
our 2-Mode, Slow-Scan Monitor 
which has two video outputs, one at 
a rate of bi frame per second, the 
other at 1 frame every 20 seconds. 
From either output it is possible to 
take remarkably clear photographs 
right off the monitor screen.” 

This slow-scan technique achieved 
excellent results recently when the 
giant Centaur booster was launched to 
study the behavior of the new liquid- 
| hydrogen fuel under zero-g conditions. 
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The pictures received prior to aborting 
the mission proved of vital importance 
to the study of flow characteristics, 
clotting, sloshing and adherence of the 
fuel to the tank walls. 

Closed-circuit TV was proved just 
as effective in Project Echo, the bal- 
loon from which radio signals are 
bounced to the far reaches of the earth. 
Last July, a remarkable 27 minute 
flight record of the Echo 3 test was 
received. Razor sharp images of the 
balloon’s successful ejection from the 
capsule and correct inflation provided 
invaluable data to our space scientists. 

Important as they are, these achieve- 
ments will be no more than “B" fea- 
tures compared to the big show on the 
moon scheduled for 1963. 

Video signals will unveil secrets 
of the moon’s surface after Survey* 
or's 66-hour flight from Earth. 

After the spacecraft’s three legs 
have touched down, Conrac moni- 
tors on Earth will reveal to scientists 
the operation of various subsystems 
on the spacecraft. Other Hughes 
cameras aboard Surveyor will shoot 
in a complete circle and from 15° 
above to 45° below the horizontal 
line of the spacecraft. 

The first Surveyor will explore the 
lunar surface for at least one month, 
according to JPL, and will be followed 
by six more between 1964-1965. 

The engineers here at Conrac eye 
Surveyor and subsequent space pro- 
grams as opportunities to prepare for 
their role in the most awe-inspiring 
technical achievement of the century: 
Man on the Moon. Conrac's decision to 
seek opportunities out of its TV broad- 
casting habitat was made by people 
at Giannini Controls Conrac Division 

like Grayson Jones who are 

Looking Forward. 


(Giannini [Controls Corporation 
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ion hours we haven’t missed a beat, 




beat, beat, beat, beat, beat, beat, beat, be 


Today, many people with weak and faltering 
hearts are leading healthy, active lives. 

The reason? A tiny electronic device 
called the cardiac pacemaker, which is 
implanted by surgery inside the patient’s 
body. Through wires connected directly to 
the heart, it transmits electrical impulses 
— impulses which trigger the heart into a 



manufacturer relies on them exclusively.) 
So far, they’ve accumulated more than 
three million hours of service. 

You couldn’t ask for more reliability than 
that — not even if your life depended on it. 


FAIRCHILD 

SEMICO 



deanx plant. Sud will produce the aircraft's boundary-layer wing and the tail section. Mockup, above, shows fuselage configuration. 


Dassault-Slid Mystere 20 twin-turbojet executive aircraft mockup. located, at Dassault’s Bordeaux factory, shows aircraft's aft-engine, low- 
wing configuration. Integral forward door swings down to form entrance stairway. Maximum cabin headroom is 67 in. Aircraft will be 
powered by two Pratt & Whitney JT12A-8 turbojets of 5.300 lb. thrust each. 

Mystere 20. Spirale 3 Configurations Detailed 
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PRODUCTION BRIEFING 


Now you 
can tell 
if your 
delicate 
product 
has been 
mishandled 
in shipment 


SHOCKMASTER” 

SHOCK OVERLOAD INDICATOR 

developed by General Dynamics | 
Electronics, is a new, low cost, 
positive way to protect your valuable 
cargos from shipping damage. 
Attached to a sensitive product or its 
shipping container, the 
SHOCKMASTER indicator tells 






G II II ID 

GENERAL. DYNAMICS | 'LECTRONICS 
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Rocket Research Corp., Seattle, 
Wash., has received a contract from 
National Aeronautics and Space Admin- 
istration’s Goddard Space Flight Center 
to develop and manufacture a micro- 
thrust balance for measuring, in a simu- 
lated space environment, the perform- 
ance of microrockets which will be used 
to control the speed and attitude of 
satellite vehicles. 

U. S. Science Corp., Los Angeles, 
a subsidiary of United Industrial Corp., 
will produce pre-flight testers for check- 
out of Mohawk AO-1 aircraft instru- 
ments and control systems. Work is 
sponsored by a $469,000 contract from 
Air Force’s Aeronautical Systems Divi- 


General Precision Corp.’s Aerospace 
Division will build and install a celestial- 
inertial test complex at Holloman AFB, 
N. M., which will be capable of check- 
ing star trackers separately or as integral 
parts of stellar-inertial platforms. Work 
will be financed by a contract exceeding 
$1 million from Air Force’s Missile 
Development Center at Holloman. 

Borg-Wamer Corp.’s Pesco Division, 
Cleveland, Ohio, has been selected by 
Lockheed Aircraft Corp. to build thrust 
reverser actuating systems for the USAF 
C-141 StarLifter transport. 

Mclpar, Inc., Falls Church. Va.. will 
design and build a prototype tandem- 
rotor helicopter Bight trainer, simulating 
the IIRB-1 helicopter, under a contract 
from the Naval Training Device Center, 
Port Washington, N.Y. Trainer is 
for Marine Corps use. 

Cessna Aircraft Co., Wichita, Kail., 
has. received a SI. 7 5-million Air Force 
contract for additional T-37 jet trainer 
aircraft. The contract will extend the 
four-unit-a-month production of the 
twin-engine jet from July 1963, when 
the present contract expires, through 
December, 1963. 

Atlantic Research Corp., Alexandria. 
Va., is working on a SI 7-million Air 
Force project at White Sands Missile 
Range, N. M„ using special solid-pro- 
pellant test vehicles to gather informa- 
tion which will improve ballistic missile 
effectiveness. 

Lockheed JctStar jet transport has 
Federal Aviation Agency approval for 
12-placc seating configuration. The ex- 
tra seats will be added by re-arranging 
the interior and will be available in all 
JetStars. Aircraft’s performance will re- 
main unchanged. 
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NEW AEROSPACE PRODUCTS 


Aircraft Generator 


Type D-10 brushless d.c. generator, 
designed specifically for small aircraft, 
delivers 100 amp. at 30 v. 



The manufacturer says the 291-lb. 
generator is lighter than conventional 
brush-type generators of the same rat- 
ing. Tlie generator uses rotating silicon 
diodes to perform the functions of 
commutator, slip rings and brushes in 
a conventional generator. Stationary 
diodes in the generator frame rectify the 
output voltage. Overhaul consists of 
bearing replacement at 1.500 hr. inter- 
vals. the manufacturer says. 

Aerospace Electrical Division, Wcst- 
inghousc Electric Coro., Wapakoneta 
Rd„ Lima, Ohio. 

Holding Pattern Computer 

Computer shows pilot the correct 
entry procedures to use with standard 
and non-standard holding patterns in 
accordance with new Federal Aviation 
Agency requirements. 



Made of laminated vinyl plastic, the 
computer is 3} in. in dia. and fits into 
a shirt pocket. Dark sectors in the ac- 
companying photo arc brown (left) and 
blue (top) selected for maximum visibili- 
ty under red night lighting. 

The device is operated by: 

• Setting index at in-bound holding 
pattern course, using the inside azimuth 

• Without moving index card again. 


read aircraft heading on arrival over 
holding fix on the outside scale to de- 
termine color approach direction sec- 

• At arrival over fix, follow the match- 
ing colored line for correct entry into 
the holding pattern. 

The Whitehead Computer Co., 2900 
N. Keystone, Burbank, Calif. 

Feel System Loader 

Artificial feel system loader for jet 
aircraft— to give pilots proper stick 
"feel"— incorporates a 50% reduction 
in size and weight over the 16-lb. 
model now used in F-102 and F-106 
aircraft. 



releases controlled air pressure as a 
function of the Mach number. The 
instrument compensates for any change 
in speed, altitude or both. 

The instrument is designed with “fail 
safe" features, whether the malfunction 
originates in the piping or the instru- 
ment itself, the manufacturer savs. 

Shelly Associates, Ine., Ill Eucalyp- 
tus Dr., El Scgundo, Calif. 

Fire-Fighting Unit 

Mobile, trailer-mounted fire-fighting 
unit can be used at small airports. 

The unit consists of a 200-gal., cor- 
rosion-resistant water tank, a gasoline- 
driven pump, 50 ft. of 1-in. booster 
hose, and 2 4-in. suction and 14-in. dis- 
charge water fittings. Called the Model 
ST-200 Mobile Pumper, the unit is 48 
in. wide, 48 in. high and 81 ft. long. 

The manufacturer says the pumper 
can project a 65-ft. stream at 100 lb. 
pressure for 1 0 min. from its own tank. 
Using suction procedure, more than 
100 gpm. can be pumped from an 
auxiliary water supply and projected at 
70- to 100-lb. pressure for continuous 
fire fighting. 

Fire Equipment. Inc., 10 Indcl Ave., 
Ramcocas, N. J. 


DEPENDABLE 



with ROPER 


four gear fuel pumps 
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IMEW 

DESIGN CONCEPTS IN 
HIGH PRECISION 

BALL 

BEARINGS 



Only SBB patented construction offers so 
many advantages: 


UP TO 400% GREATER LIFE 
LOWER TORQUE 
LESS DEFLECTION 
ONE-PIECE RETAINER 
SPACE SAVING 


SPECIAL DESIGNS 

to meet unusual requirements 


SPLIT BALLBEARING 


LEBANON 9, NEW HAMPSHIRE 


Aerospace Finns File 
Management Salaries 
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BUSINESS FLYING 

i 1 * 3 % 



Cessna 205 Slanted to Charter Market 




A LOOK OVER THE TRANSOM AT GENERAL ELECTRIC 
SEPT. 1962 

■ ABOUT THIS SERIES. Things are happening with G-E fuel 
cells. Looking back on our years of developing these power 
sources that generate electricity directly from a chemical re- 
action, the progress is enormous. We could write books— (in fact 
there are two ol a progress report flavor already available: 
yours for the asking*) — but fuel cells are such a new and 
promising technology that this is hardly the stage at which 
to tell ail. That's why, lor now, we'd rather limit the world to 
monitored (but regular) glances through our laboratory transom. 


I A LITTLE CURVE THAT'S CREEPING UPWARD 



is irendiines this year has been a mod- 
little curve that's particularly close to 
r hearts — the power density growth 
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I ENVIRONMENTAL TESTS AND A STUBBORN CELL 


put to trial early t 
mercy of a certain stuooorn iuci ecu, 
soon appeared somewhat on the conserv- 

The question to which we subjected 
this 54-sq.-in. test fuel cell went well be- 
yond the range of our everyday environ- 
mental tests. It was a three-barbed one 
querying what limits of vibration, tem- 
perature, and internal disorder must 
exist to administer the operational coup- 


n the 165-180' 

Then with temperature returned to 
normal, we began purging the cell with 
doses of hydrogen and oxygen to simu- 
late a severe internal failure. After 24 
hours, when membrane dehydration 
should have put the cell out of order, 
is still going strong. 
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ane is sufficiently stable to resist further 
decomposition. But fuel cells apparently 
don't read rule books. Through the 
phenomenon called electrocatalysis, our 
hydrocarbon fuel cells show nary a trace 
of methane around the catalyst while 

though, and the old rule applies. I^This 
unexpected find has bridged a broad 
chasm in our hydrocarbon fuel work, as 
— " gain underscoring the h: ' 


complex hydrocar- 
catalysts normally 
tiler molecules that 

-or this to happen 


found from 
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Progress Is Our Most Important Product 

GENERAL (HH ELECTRIC 


the 210 and arc operated by a flap- 
shaped swatch on the lower instrument 

Electrical system has a 12 v„ SO 
amp. generator. All-weather, radio- 
shielded ignition harness is standard 
equipment. 

Radios have been moved forward to 
the area occupied in the Model 210 
by the nose wheel well. The area has 
been scaled from the engine compart- 
ment. which is just above, and vented 
for cooling. A trap device also is incor- 
porated to prevent water from reaching 

205 Characteristics 

A flight in the Wichita area with 
Cessna Pilot Jack Bledsoe showed 
these characteristics of the 205: 

• Stability and ease of handling even 
in out-of-the-ordinarv attitudes. The 
aircraft was put into a steep descent 
with full flaps and showed no tendency 
to overspeed or wind up into a tight 
spiral. Speed never exceeded 100 mph. 
IAS during the descent and stabilized 
at 90 mph. 

• Forgiving stall characteristics. The 
205, like other Cessna models, showed 
the ability to hang on the edge of a 
stall for extended periods before finally 
falling through. With power off. the 
aircraft exhibited a gentle buffeting and 
a shallow break, with the stall warning 
horn giving plenty of warning. With 
power on at 20 in. Hg. manifold pres- 
sure and 2,550 rpm., both hands were 
required to get sufficient back pressure 
on the control wheel to stall the air- 
plane completely. Stall was preceded 
by a heavy buffet as well as ample 
warning from the stall horn. The 205 
was stalled with the left wing low and 
tended to drop off on the left wing, 
but lateral recovery was made with 
ailerons alone. A stall was attempted 
from a turn, but the aircraft simply 
tightened its turn and the attempt was 
abandoned after turning through more 
than 560 deg. 

• Good balance of fuel consumption 
to cruise speed. At the recommended 
economy cruise setting of 22 in. Fig. 
and 2,200 rpm., the 205 indicated 
156-8 mph. (149 mph. TAS) and had 
a fuel consumption rate of approxi- 
mately 10.5 gph. 

Cabin of the 205 is longer than any 
ever built into a Cessna aircraft with 
the exception of the new Model 411 
(AW July 50, p. 22). The cabin is 
106 in. from the instrument panel to 
the bulkhead aft of the third row of 
scats. An 18-in. area extends forward 
of the instrument panel and there is 
a 15-in. carrying rack behind the last 
seats, making an over-all cabin depth 
of 157 in. The cabin has 115 cu. ft. 
of space. 

There is a 6-in. wide aisle between 
the front two pairs of seats, making 
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SEATING CONFIGURATION shows 6-in.-w!de aisle between scats for case of movement. 
Windows offer passengers 560 deg. of visibility. 


it possible for a person to move about 
in the cabin during flight. 

Cessna believes the 205 will find a 
market with air taxi and charter oper- 
ators. who have long sought an air- 
craft that could enable them to carry 
four persons at a cost lower than that 
of most light twins. Operators have told 
the company that two couples en route 
to college football games, for example, 
often choose not to fly because of the 
cost of twin-engine equipment and the 
unavailability of single-engine equip- 
ment of sufficient earning capacity. 

Cessna also hopes to sell the aircraft 
to present aircraft owners whose fam- 
ilies have grown to the point where 
a four-place aircraft is impractical. 

Although the 205 may cut slightly 
into sales of the Model 1S5 Skywagon, 
Cessna believes the two aircraft are 
suited to entirely different markets. 
The IS 5, basically a utility aircraft for 
use in back country and other areas 
where a bush plane is needed, is not 
available with a six-seat interior. 

The 1S5 formerly was available in a 
six-seat, "deluxe” version, but the two 
rearmost seats were not separated and 
were fitted flush against a bulkhead, 
making them non-adjustable. This con- 
figuration now has been dropped and 
only a four-seat version is available. 

The 205, on the other hand, is not 
designed for utility work and is avail- 


able only in a passenger configuration. 

The 205 retains most of the familiar 
Cessna design features, including the 
conical camber wingtips with the pro- 
nounced droop noticeable on the 210. 


Walk-around inspections are no dif- 
ferent from earlier Cessna models. Bled- 
soe demonstrated the aircraft's ability 
to receive passengers through the third 
door. The 205 will remain balanced 


In 

Southern 

California 


BENDIX- 

PACIFIC 

NORTH HOLLYWOOD 

OFFERS THESE 
EXCELLENT 
OPPORTUNITIES 
FOR 

ENGINEERS 


MISSILE GUIDANCE ENGINEERS 

Senior Engineers with BSEE or MSEE experienced in Missile Guid- 
ance transistor circuit design including Video Amplifiers, Gating 
Circuits, Switching Circuits, Signal Level Detectors, etc. 

MICROWAVE ENGINEERS 

Senior Engineers with BSEE or MSEE experienced in the design of 
Microwave Systems for Radar, Missile Guidance, etc. 

APOLLO TELEMETRY PROGRAM 

Senior Engineers are required with a BSEE or MSEE experienced in 
Space Data Communications and Solid State Electronics to work on 
the Apollo Telemetry Program. 


Torpedo Guidance Systems Engineers invo 

MILITARY NAVIGATION 

Senior Engineers with BSEE and experience 
tronic circuit design, aircraft instrumentatio 
techniques, and the design of high power tra 


Please send resume to : j 

W.C. WALKER I 

Engineering 

Employment Manager ' 


I Bendix-Pacific Division 
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Cessna 205 Performance and Specifications 


w '"g ««> 

Height (with dcpicssed now it 
Pmpdlei. constant speed, dia 


3.300 It 
1.750 lb 
1.550 lb. 
56 ft. 7 in. 
175.5 sq. It 
.27 ft. 0 in. 
9 It. 9 in. 


Fuel capacity 

Standard tanks 65 gal. 

Optional oversize tanks 84 gal 

Oil capacity .12 qt. 

Engine Continental IO-470-S. 260 hp. at 2,625 rpm. 


Top speed, sea level 175 mph. 

Cruise, 75% power 6.500 ft 165 mph. 

Range, standard tanks 

7556 power, 6,500 ft., no reserve 750 mi. 

Maximum rate of climb, sea level 965 fpm. 


Takeoff 

Ground run 685 ft. 

To clear 50 ft. obstacle 1,465 ft. 

Landing 

Ground roll 625 ft. 

Over 50 ft obstacle 1,510 ft. 


with two large persons in the rear scats, 
even if the front seats are unoccupied. 

Automobile-type key starting allows 
one-hand engine starts if the pilot de- 
sires. Normal procedure is to move 
the mixture control to full rich and 
the propeller to high pitch, close the 
throttle and turn the key to the start 
position. 

As the engine turns, the vernier 
throttle is turned to increase the fuel 
flow until the engine catches. Little 
adjustment was required to bring the 
engine to its warmup speed of 1,000 
ipm. The auxiliary fuel pump 'switch, 
on low during engine start, may be 
turned off after the engine is running. 

A mechanical hand lever to operate 
the cowl flaps is located on the right 
side of the center cockpit pedestal, and 
the flaps should be open during all 

E jund operations. After takeoff, it may 
adjusted to keep the engine cylinder 
head temperature within the green are. 

Taxiing is easy with the steerable 
nose wheel, and visibility during ground 
operation is excellent. 

A simple run-up check was made at 
the end of the runway. The engine was 
advanced to 1,700 rpm. and checked 
for a maximum drop of 1 2 5 rpm. on each 
magneto. Since the 205 has a fuel in- 
jection engine, there is no need to 
check the engine heat. Operation of 
the engine air intake heater will pro- 
duce a slight drop in rpm., however. 

Takeoff, into a slight crosswind, was 
normal. The nosewheel was lifted at 


about 60 mph., and the 205 flew off 
easily at about 75 mph. 

At 24 in. Hg. and 2,450 rpm., the 
205 will climb in a comfortable atti- 
tude at more than 500 fpm., holding 
120 mph. 

At 3,500 ft., the speed checks were 
run with the outside air temperature 
75F. The 205 indicated 153 mph. or 

166.5 mph. TAS at 74% power-24 
in. Hg. manifold pressure and 2,450 
rpm. Fuel consumption at this engine 
setting is about 14 gph. 

At 65% power, or 2,350 rpm. and 

23.5 in. Hg., the aircraft indicated 150 
mph. or 162.5 mph. TAS. Fuel con- 
sumption is just over 12 gph. 

Economy cruise, 57% power, or 2,200 
rpm. and 22 in. Hg., gave an indicated 
airspeed of 136.8 mph., which con- 
verted to 149 mph. TAS. Fuel con- 
sumption was about 10.5 gph. With 
the oversize fuel tanks on N 18022, 
endurance was about 7i hr. 

Only in landing was any change 
noted in handling characteristics from 
other Cessna aircraft. The 205, de- 
signed to take a heavy cabin load ex- 
tending well aft, tends to hold a nose 
down attitude, even with flaps partially 
down. Use of trim eases control wheel 
landing force requirements, much as 
in a heavier aircraft. 

The 205 is a gentle aircraft to fly, is 
stable, and with the exception of one 
landing with the trim approximately 
neutral, never required more than 
minimum force on the controls. 



More than 1500 WIANCKO Series 
P2-1000 DC-DC pressure transduc- 
ers have been placed in orbit without 
a failure. The P2-3000 and P2-4000 
series have similar reliability. Avail- 
able in gauge, differential and abso- 
lute pressure types, these offer 
exceptionally low output impedance 
with light weight, and require virtu- 
ally no power. For data sheets or 
product bulletins on WIANCKO 
DC-DC transducers write to Mr. 
Robert Backus, Sales Manager. 
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BALLISTIC 
MISSILE 
DEFENSE 
AT HUGHES 


Openings for qualified engineers 
and scientists with demonstrated 
competence in these areas: 

IR and Optics Data Processing 

Propulsion Electronics 

Aerodynamics Radar 
Re-entry Physics 
Guidance and Control 
Nuclear Technology 
Operations Analysis 
Interceptor Technology 
Systems Engineering 
If you are interested, have a degree 
from an accredited university and are 
a U.S. citizen, we invite your inquiry. 
Please contact: 
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(Continued from page 23) 

Changes 

Robert T. Dclaniatcr, Jr„ Western area 
sales manager. Power Equipment Division, 
Lear Siegler, lnc„ Elyria, Ohio. 

Charles E. Sporck, operations manager, 
Fairchild Semiconductor. Mountain View. 
Calif., a division of Fairchild Camera and 
Instrument Corp. 

Robert S. Carl], application-sales engineer 
for Agastat timing instruments, Elizabeth 
Division, Elastic Stop Nut Corp., Elizabeth 
N.J. 

Roland V Poisson, manager, Shafer Bca 
ing Division, Chain Belt Co., Downc 
Grove, III. 

Lt. Col. Ernest L. Smith, director of ii 
formation. Aeronautical Systems Divisioi 
Air Force Systems Command, Wright-Pa 
terson AFB, Ohio. 

Carl David Todd, head of engincerini 
Packaged Assemblies Department, Hughi 
Aircraft Co.’s Electronic Products Divisio: 
Newport Beach, Calif., and Richard S. Sim] 


, superve 


i engineer 


chief 


Donald S. for 
ager. The Bcndix Corp.’s Scintilla Divi 

Sidney, N.Y. 

Harry A. Kcit. director. System Dcsigr 
Division, International Electric Corp., Pam 

Telephone and Telegraph Corp. 

Dr. J. M. Hirshon, associate dircctor-ac 

Resisrance°Co n , PUUdeFphia, Pa" CI " a 
George Carr, section chief-Air Force ar 
tenna program, Enrcrtron, Inc., Silver Sprint 

tary sales-adr anced systems and research 
Douglas Aircraft Division, Long Bi ’ 
Calif. Mr. Magruder 
engineering test pilot. 

Charles B. Slack, manager-aerospace proc 
ucts, Waugh Engineering Dis ' ' ’’’’ 

Foxboro Co., Van Nuvs, Calif. 

Dr. E. C. Galloway, director 
Plastics Division. Nopco Che 
Newark^ N. J.^ 

Applied Research Laboratory, Svlvania Elec- 
tronic Systems, Waltham, Mass., " ' ' 
of Sylvania Electric Products, Inc. 

E. Dana Gibson, assistant to the 
vice president, Thiokol Chemic 


Program Department? w!'f 
ecial manufacturing prograr 


sistant to the vi 


y (USAF, ret.), 


esident r 


enginci 


. ns, Inc., Orlando, Fla. 

Dean F. Homing, aerospace industry 
sultant, has been appointed to represent 
Rohr Corp. in Houston, Tex. 

W. J. Martin, director of reliability, Gen- 
eral Dynamics/ Convair, San Diego. Calif. 

Bernard Rider, director of research and 
development, Maryland Division of Litton 
Systems, Inc,, College Park, Md. 

AVIATION WEEK and SPACE TECHNOLOGY, A 


When every ounce counts 


Atchley's new Model 408 servovalve 
weighs only 5 ounces. I,t is 
currently specified on many 
military programs where 
reliability, size, and weight 
are prime considerations. 

The first stage of these miniature 
valves employs the reliable 
exclusive Jet - Pipe principle used 
in all Atchley valves. This 
allows it to receive and pass on 
particles as large as 150 
microns without malfunctioning. 
Resolution, less than 0.5%: 
hysteresis, 2%; null shift, less 
than 1% per 100°F; dry. 
sealed motor: low G sensitivity; 
flow ranges from 0.1 to 1.25 
GPM at 1000 psi drop. 

Write for further information. 


Raymond fttchley 11 L 


S. BARRINGTON AVENUE • 


NEW 

RAYMOND ATCHLEY 

Jet-Pipe 

MINIATURE SERVOVALVE 
IS DOING 
A BIG JOB 
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in a HAWS Emergency 
Drench Shower. 

Burning, corrosive, caustic 
contamination can inflict injuries 
more dangerous than blazing 
clothing! Contamination by 
acids, chemicals, volatile fuels, 
radioactive elements, etc., 
must be instantly countered by 
first aid. Immediate drenching 
with clear water is the first 
precaution against permanent 
injury. HAWS leads in 
design and production of 
Emergency Drench Showers! 
Ask for our complete catalog. 



DRENCH SHOWERS 
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ENGINEERS 

SPACE IS OUR BUSINESS. 

WE INVITE YOU TO MAKE IT YOURS. 


Every technical and scientific effort at Astro- 
nautics is targeted on space - learning about its 
environment, designing vehicles to travel and sur- 
vive in its vacuum, guiding and communicating 
with those vehicles. 

If you share this interest — if you, too, have de- 
signs on space — consider carefully an association 
with this progressive company. 

Immediate openings exist in these and many other 
areas of specialization: 
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GENERAL DYNAMICS ASTRONAUTICS 



ENGINEERING ..hr. 

AT 

GRUMMAN 


AIRCRAFT ENGINEERING CORPORATION 
Bethpage • Long Island • New York 





EMPLOYMENT 

FOR MORE 
INFORMATION 

about Classified Advertising 

structures 

engineers 

opportunities 


contact the McGraw-Hill 
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ATLANTA, 9 D. Hicks 
1375 Peachtree St., N.E. 

i-’SSrH 


BOSTON, 16 O. R. Davis 
CHICAGO, 1 1 W. J. Higgins, D. Beran 

novel concepts for components of 
helpful is the obilily to solve com- 


1164 Illuminating Bldg. 

1,.,, ' . - Tj -v 



* 0 STRUCTURES 
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Riverside 7-9721 


'WSSSL. 

DETROIT, 26 Wm. H. Ginder, Jr. 


BiliSi 

Riverside 8-1280 
IOS ANGELES, 17 Wm. C. Gries 


mmm 

HUntley 2-5450 
H. T. Buchanan-T. W. Bender 

rrrfrlc 


LOngacre 4-3000 

PHILADELPHIA, 3 


SsjfSSSimri sa'Ssf"™ 

Z'L'SZ Plazo 

PRATT & WHITNEY 
AIRCRAFT 


PITTSBURGH, 22 J. Williams 

EXpress 1-1314 

ST. LOUIS, 8 

PArkview 5-7285 



255 Califarnia W ^ ^ J 


ENGINEERS & SCIENTISTS 



GENERAL PRECISION AEROSPACE 


announces 
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Range Ballistic Missile. To tliis is added the . . 

= new positions on 
“ SrSE MMRBM 
stellar-inertial 
guidance and control 
\ system development 


tages of joining a NEW.strongly fit 
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IP1MEM©G1IQ©[^ SYSTEMS division 
Z^E1[^©©[P^©[1 1 RESEARCH CENTER 
ii50 McBride avenue, little falls, new jersey 






space technology engineers — In evaluating an expanding space vehicle program is your first question: 

What kind of men are leading the program? 
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. Vertol . AERO-SPACE . Industrial 


today, the moon 


tomorrow, the universe. 


The CHRYSLER Corporation SPACE Division 
is now appointing engineers and scientists to fill 
key positions in its newly established Saturn S-l 
booster program. 

To help us meet this challenge of today— 
and the yet-unknown ones of tomorrow— we need 
men with the talent, enthusiasm, and technical 
proficiencyto meet the most absorbing problems 
of the Space Age. 

Chrysler Corporation pioneered in rocketry. 
Its Space Division was formed in January, 1962, 
to engineer, produce, checkout, and static test 
the first stage of NASA's Saturn C-1 space vehi- 
cle. and to assemble and launch the entire C-1 
configuration. 


Consider these added values of a career with 
CHRYSLER Corporation SPACE Division: 

• Association with top technical minds. 

• Excellent career advancement potential. 

• University facilities for advanced study. 

• Pleasant living in 3 choice Southern locations. 

If you have engineering experience in re- 
search. preliminary design, test or development 
in the areas of AERONAUTICS. ELECTRONICS. 
SYSTEMS. LIQUID PROPULSION or STRUC- 
TURES. or applied experience in MANUFAC- 
TURING. PLANT ENGINEERING or QUALITY 
CONTROL, send your resume in confidence to 
Personnel Department. P.O. Box 26018, New 
Orleans 26. La. 


CHRYSLER CORPORATION SPACE DIVISION 

CAPE CANAVERAL, FLA. HUNTSVILLE, ALA. NEW ORLEANS, LA. 
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ADVERTISING 


Searchlight Section 


BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 


DISPLAYED RATE: 
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DC-3, C-47 • DC-4, C-54 • C-46 • DC-4, C-1I8 
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Equipment 


Locating Service 
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the Specifications of the equipment 



your own company letterhead to: 

CONVAIR 240 


c/o AVIATION WEEK 

or UTILITY TYPE 

mum 

Your requirements will be brought 
promptly to the attention of the 
equipment dealers advertising in 


plies directly from them. 

CORPORATION 

Searchlight Equipment Locating Service 



P. O. Box 12, N. Y. 36, N. Y. 
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LETTERS 


Swinging Pendulum 

The present squabble over the aerospace 
profit-on-profit situation seems to involve 
the basic question of what constitutes the 
best method of procuring military weapons. 

It was not long ago when the Defense 
Department grew tired of buying a bare air- 
plane and equipping it themselves. Govern- 
ment Furnished Equipment (GFE) was 
then provided to the airplane contractor for 
installation. However, the government was 
still responsible for the proper functioning 
of the GFE. When it didn't work, the air- 
plane builder merely returned it to the gov- 
ernment with a request for equipment 
which would function properly. Then tile 
“weapons system" concept was evolved to 
put the responsibility for the whole works 
on some "prime contractor." The shift was 
so complete that one airplane contractor 
offered to "deliver your bombs on a cost- 
plus-fixed-fec basis if you will tell us where 
the targets are." 

Now the profit-on-profit rumpus seems to 
be swinging the pendulum back towards the 
early system. This has my approval as a 
taxpayer providing proper management ca- 
pability is maintained at all the necessary 
levels in the Department of Defense to 
properly administer the complicated and in- 
tertwining procurement programs. How- 
ever, needless change is costly and we must 
choose a good system and make it work! 

We will probably never agree on what con- 
stitutes the best system as long as new 
people filter through positions of control. 
In almost every case there are several differ- 
ent systems which will work if wc can find 
people capable of making them work. Too 
often we think that our individual method 
is the only way. 

Many times top management people have 
been heard to boast that they “straightened 
out" office after office as they moved about 
in management circles, implying that every- 
one else is incompetent. In actuality it 
is that person who is "incompetent" be- 
cause he cannot make a system work which 
did OK for his predecessor. 

Therefore, regardless of how the present 
defense procurement problems arc settled, 
let us all then agree that wc have a work- 
able system evolved by intelligent people 
and stop this change for change’s sake br- 
each succeeding office incumbent. Then 
our tax dollar will go much, much further. 

M. M. Forney 
Cdr.. USN Ret. 
Wichita, Kan. 

P. S. The Industry Observer section of 
the Aug. 6 issue of Aviation Week (p. 2?) 
notes a departure from the USAF weapon 
system concept in an engine development 
program intended solely to advance engine 
technology. The pendulum is swinging! 

Altitude Error 

Aviation Week has boosted a high-fly- 
ing pilot to new record heights. In tlic 
article "X-l 5, Soviet Fighter Claim New 
Records" (AW July 23, p. 25). you report 
that Joseph A. Walker had flown the X-l 5 


Aviation Week welcomes the opinions 
of its readers on the issues raised in the 
magazine’s editorial columns. Address 
letters to the Editor. Aviation Week. 
330 W. 42nd St.. New York 36. A'. V. 
Try to keep letters under 300 tcords and 

hot print anonymous letters, hut names 
of writers will be withheld on request. 


to 284.000 ft. Mr. Walker actually flew 
X-l 5-1 to 246.700 ft. on April 30. 1962. 
some 37.300 ft. below the altitude you re- 
ported. Major Robert M, White flew 
X-l 5-3 to the same altitude-246,700 ft.- 
seven weeks later (June 21, 1962). Then, 
on July 17. Major White flew to 314.750 ft. 
It is anticipated that both marks— Walker's 
246.700 ft. and White's 314.750 ft.— will 
be certified by the Federation Aeronau- 
tique Internationale as world altitude records 
for manned aircraft. 

James A. Martin 
X-l 5 Program Manager 
NASA Headquarters 
(Mr. Martin is correct. Aviation Week 
erred in stating that the earlier Right by 
Walker reached 284,000 ft.— Ed.) 


Engineer Rebuttal 

I enjoyed reading Capt. James A. 
Schmitt's letter (USAF Pilot) in the Aug. 
6 edition of Aviation Week titled "Engi- 
neer Comment." To be more accurate. 1 
suggest the title should have been "Illu- 
sion." Pm sure that Mr, Schmitt's use of 
Capt.-Pilot-USAF was intended to give the 
illusion that the letter was written by a 
disinterested neutral or outsider. To be 
completely fair, Capt. Schmitt should have 
mentioned that his name is on TWA's 
seniority list as a junior copilot, as well ns 
being a dnes-paying member of ALPA. 

Capt. Schmitt suggests that the F/Es 
have a better public relations program than 
the pilots. The truth of the matter is that 
if you arc morally and technically right 
(which would be a new experience for 
ALPA) von don't need the boys from 
Madison Avc. 

The inference that the flight engineer 
is deteriorating because he doesn t want to 
become a “jack of all trades” and go on 
the bottom of the pilots' seniority list is 
merely a weak attempt at protecting his 
and the other junior pilots’ place on the 
seniority list. 

The statement that the third pilot or 
“featherbedder" has probably run more jet 
engines than all the F/Es comhincd is just 
"too much." Using a very conservative 
figure of 250 jet engineers, flung 60 hours 
a month each on TWA. Pan Am. American 
and Eastern, the figure comes out to 
720.000 honrs of jet engine running a year. 
If this junior pilot or featherbedder has 
this much time to his credit. I think he. 
not the flight engineer, should remain on 
the ground and get a much deserved rest. 

Being a former Navy pilot myself, I 
have the greatest respect and admiration 
for the career service pilot. They are tops 


in piloting ability, and lias-c chosen the 
service as a career for the love of flying 
and not for the money in it. So please, 
Mr. Schmitt, let's not use our affiliation 
with the armed forces to promote our indi- 
vidual selfish interests. 

F/E J. M. Bockius, III 
Creenlawn, N. Y. 


Fluorescents Backer 

As past Program Director for the Applied 
Psychology Corp.'s conspicuity research for 
the Federal Aviation Agency, I was gratified 
by your reporting of the essential findings as 
presented by Dr, san Saun at the recent 
collision-prevention conference in Wash- 
ington (AW July 30, p. 51). Because of 
the sensitive aspects of the fluorescent paint 
discussion. I would like to offer one bit of 
clarification. 

In the middle of column three, your arti- 
cle states. "Aircraft with a fluorescent 
orange-red empennage were visible on the 
average at distances of 21 mi " Actu- 

ally, the obsers-cd aircraft (numbering more 
than 500) w-ere generally visible at greater 
distances. It was the red-orange color of the 
fluorescent paint that was correctly identi- 
fied, on the average. 21 mi. out. This was 
appreciably better than the correct identi- 
fication of any color of non-fluorescent paint 
-for these the average range never exceeded 

This distinction is of importance to oper- 
ators about to choose paints. Although the 
fluorescents may be relatively costly and of 
variable sen-ice life just now. they do 
possess a visual range advantage To what- 
ever extent the detection and meaning 
(“this is the empennage") of the red-orange 
area can be of value to pilots flying VFR. 
the fluorescent coating of that color has an 
edge in distance and thus, for any given 
situation, in w-aming time. 

John E. Robinson, Jr. 

Hughes Aircraft Co. 

Fullerton, Calif. 


AD Infinitum? 

In your article on the F4I I in the July 30 
issue, a picture on p. 39 shows at least one 
squadron of AI> attack aircraft on the aft 
deck of the supcrcarrier. 

Will it not be true that this type will 
have been in longer continuous service than 
any other combat aircraft? 

Do any other major military powers or 
services still employ single-seat propeller 
driven aircraft as front line weapon sys- 

Finally, unless the military expects ma- 
chines beyond the ultimate manned con- 
cepts of the RS-70 and the now-junked 
F-10S. why will reason be served by calling 
the F41I (this, the last word in manned 
interceptors) the F4H-MC. while hundreds 
of predecessors had the simpler handles? 

Paul A. Lunwic 
Ex-AD Pilot 
Minneapolis 
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• History of rocketry from 13 th Cnitnry China to the present symbol nett 


Bell research makes MAJOR CONTRIBUTIONS to aviation, missile and space programs 


agena rocket engine - Stop-and-starl engine for the Air 
Force and NASA satellite and space probe programs. It has pul 
in orbit more payload than any other engine. 
hipernas- High Performance Navigation System. Designed 
for the U.S. Air Force, this self-compensating, pure inertial 
guidance system can pinpoint a long-range missile on target, or 
guide a satellite or space ship to any point in the universe. 
vtol aircraft- Bell built the X I4A now being used by NASA 
to evaluate VTOL flight characteristics. First flown six years 
ago, it was followed by design of the 8 engine D188A VTOL 
Fighter- Bomber for the U.S. Air Force and Navy. Bell cur- 
rently is competing for other contracts in the VTOL field. 


steering gear for mercury astronauts -J ei Reaction 
Controls, developed by Bell, control the roll, pitch and yaw of 
the Mercury capsule in space. 

bell rocket belt— First portable rocket device to give man 
free flight. Publicly demonstrated at Fl. Eustis, Va.. June 8. 1961 . 
it is now being studied by the Army for ship-lo-shorc landings 
and carrying the foot soldier over streams and rugged terrain. 

als -All-weather, automatic Aircraft Landing System. This 
electronic “window in the sky" automatically guides planes to 
safe landings in foul weather, at night, even in heavy seas. Pur- 
chased by Navy for installation on 10 modern aircraft carriers. 
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A PHANTOM 

The feats of a Phantom measure its awesome combat capabilities. 
They are a testament to its structural strength, sheer power 
and armament versatility. 


• Setting 100 and 500- 
kilometer world speed 
records dramatized the 
Phantom n’s maneuverabil- 
ity at lightning speeds and 
ability to attack and re- 
attack evasive targets. Its 
intercept capability was ex- 
hibited in setting the world’s 
absolute speed record of 
1606.3 (Mach 2.5+) . During 
this record flight the 
Phantom u reached peak 
speeds in excess of 1650 mph. 

• The Phantom n holds 
the world’s altitude record 
for sustained flight, main- 
taining 66,443 feet at Mach 
2.2. It has established all 
eight recognized time-to- 
climb marks, including a 
climb to 30,000 meters in 
6 minutes, 12 seconds, dem- 
onstrating the ability of the 


Phantom u. to launch attacks 
quickly at all altitudes. 

• To capture the Bendix 
Trophy, a Phantom xx flew 
coast to coast in 170 minutes 
and set a new transconti- 
nental speed record to dem- 
onstrate its deployment 
capability over great dis- 
tances at high speeds. 

• Low-level ground attack 
capability was emphasized 
by the Phantom n as it flew 
Mach 1.2, at times less than 
125 feet above the ground, 
to shatter the 3-kilometer 
world speed record. 

• The Phantom n Air De- 
fense fighter has delivered 
conventional bombloads 
weighing twice that carried 


by World War n Flying 
Fortresses. Yet even while 
carrying multi-ton bomb- 
loads, the carrier-qualified 
Phantom n literally “flies 
its own cover” since it carries 
Sparrow m air-to-air mis- 
siles in addition to its ground 
attack payload. 

• Final proof of the Phantom 
n’s versatility lies in its slow 
flight and landing ability. 
Leading and trailing edge 
flaps, augmented by bound- 
ary layer control, allow 
slower than commercial jet 
transport approach speeds. 
The power of the two 
GE-J79 engines for take-off, 
matched by very slow ap- 
proach speeds and para- 
braking, permits the 
Phantom n to operate from 
5,000-foot runways. 
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In air defense, air superiority, long range attack or tactical 
ground support there is no match for the Phantom n. 


MCDONNELL 

Mercury, Qemini, Asset and Aeroballistic Spacecraft • 

F4H and F-110A Fighter and Attack Aircraft • RF-110 Reconnaissance Aircraft • 


Ta/os and Typhon Missile Airframes and Engines • Electronic Systems • Automation 
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